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In this collection the problems of increasing the quality of astrometric 

observations and their processing are elucidated; instrumental errors are dis

cussed, and design improvements to reduce them are discussed. A distinctive 

feature of the papers devoted to the analysis of the observations is the use 

of the methods of mathematical statistics to reveal hidden periodicities and a 

rigorous estimate of the reliability of the results. Also the problem of de

termining the zero points of the fundamental catalogues is discussed in 

detail. 


This collection is intended for scientific workers, graduate students, 

and students engaged in the problems of fundamental and practical astrometry. 
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ORIENTATION OF THE SYSTEMS OF FUNDAMENTAL CATALOGUES 
FROM OBSERVATIONS OF MAJOR AND MINOR PLANETS 

D. P. Duma1 

ABSTRACT: The au tho r  d e r i v e s  condi t iona l  equat ions  f o r  
determining t h e  fundamental ca ta logue  zero-points  from 
observa t ion  o f  major and minor p lane ts .  H e  d i scusses  
cond i t ions  under which c o r r e c t i o n s  t o  equinox and equator  
could be  separa ted  from c o r r e c t i o n s  t o  t h e  elements o f  
t h e  p l a n e t ' s  and e a r t h ' s  o r b i t s .  The conclusion i s  t h a t  
determinat ion o f  t h e  c o r r e c t i o n s  of  t h e  ca ta logue  zero-
p o i n t s  from observa t ion  o f  minor p l a n e t s  l o s e s  its ad
vantage because o f  t h e  complex c o r r e l a t i o n s  between t h e  
c o e f f i c i e n t s  of  t h e  equat ions.  U t i l i z a t i o n  o f  t h e  sta
t i o n a r y  a r t i f i c i a l  e a r t h ' s  sa te l l i tes  is suggested t o  
be  considered as a poss ib l e  method f o r  t h e  so lu t ion  o f  
t h e  problem. 

The main problem o f  fundamental as t rometry i s  t h e  cons t ruc t ion  of a system 

o f  coord ina tes  which is f i x e d  by a fundamental s ta r  ca ta logue  of accura te  posi

t i o n s  wi th  a high degree of  accuracy of  t h e  known proper motions and precess iona l  

q u a n t i t i e s  o f  a d e f i n i t e  number o f  stars uniformly d i s t r i b u t e d  i n  t h e  sky. A l l  

t h e  q u a n t i t i e s  placed i n  t h e  ca ta logue  are r e f e r r e d  t o  a s i n g l e  equinox, i.e., 

t o  t h e  t i m e  of t h e  start of  some t r o p i c a l  year  or o t h e r  and t o  a s i n g l e  equator.  

The system of coord ina te s  given by a fundamental ca ta logue  should approximate 

as much as poss ib l e  an i d e a l  i n e r t i a l  system, i.e., not  possessing motion except 

uniform and l i n e a r .  The product ion of  such a system of celest ia l  coord ina tes  is 

requi red  f o r  t h e  s o l u t i o n  of  many problems i n  celest ia l  mechanics and r e c e n t l y  

f o r  t h e  successfu l  conquest of  o u t e r  space. 

One of  t h e  b a s i c  s t e p s  i n  t h e  problem of  determining t h e  absolu te  r i g h t  

ascensions and d e c l i n a t i o n s  of  stars i s  t h e  determinat ion of t h e  pos i t i on  of 

t h e  poin t  o f  t h e  verna l  equinox and t h e  fundamental equator  f o r  a given epoch. 

The most widespread method o f  determining t h e  c o r r e c t i o n s  of  a system of  

r i g h t  ascens ions  and d e c l i n a t i o n s  of  stars is Newcomb's method, which is app l i ed  

i .- . .  -~ - . - __ 

1. Main Astronomical Observatory,  Academy of  Sc iences  o f  t h e  Ukrainian SSR. 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  text. 
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f o r  obse rva t ions  of t h e  sun and t h e  major p lane ts .  Newcomb's equat ions  are 

formulated f o r  t h e  sun and are very  r igorous ,  i f  t h e  theo ry  of t h e  s o l a r  motion 

is complete and t h e  elements  o f  t h e  e a r t h ' s  o r b i t  do not r e q u i r e  co r rec t ions .  

W e  n o t e  t h a t  observa t ions  of t h e  sun have a l r eady  f o r  a long t i m e  been processed 

by a more r igorous  method which inc ludes  i n  t h e  equat ion  c o r r e c t i o n s  f o r  t h e  

elements  o f  t h e  e a r t h ' s  o r b i t  [l-3, 301. 

In  connection wi th  t h e  f a c t  t h a t  observa t ions  of t h e  sun are c a r r i e d  out 

i n  t h e  daytime and consequent ly  con ta in  sys temat ic  e r r o r s  which are not i nhe ren t  

i n  n ight t ime observa t ions  of stars, t h e  use  of obse rva t ions  of t h e  major p l a n e t s  

w a s  begun f o r  t h e  o r i e n t a t i o n  of systems of coord ina te s  of fundamental catalogues.  

The va lues  of t h e  i n c l i n a t i o n s  of t h e  o r b i t s  of t h e  major p l a n e t s  a r e  s m a l l ;  

t h e r e f o r e  it can be assumed t h a t  t h e  p l a n e t s  move, as does t h e  sun, i n  t h e  plane 

of t h e  e c l i p t i c .  I f  one cons ide r s  t h e  theory  of motion of t h e  p l a n e t s  as complete, 

then  t o  improve t h e  zero p o i n t s  of t h e  ca ta logues  s u c c e s s f u l l y  one can use  o l d  

methods, f o r  example, Newcomb's method, without any kind of changes i n  t h e  funda

mental equations. There still  e x i s t s  a series of o t h e r  methods of determining 

A A  and Aso. The main d i s t i n c t i o n  of t h e  l a t t e r  from Newcomb's method i s  b a s i c a l l y  

t h e  inc lus ion  i n  t h e  equation as unknowns t h e  f l e x u r e  of t h e  instrument,  cor rec

t i o n s  t o  t h e  r e f r a c t i o n  cons t an t ,  and c o r r e c t i o n s  t o  t h e  elements of t h e  o r b i t s  

o f  t h e  p l a n e t s  and o t h e r s  [l, 4, 51. The use  of t h e s e  methods f o r  t h e  reduct ion  

of series of observa t ions  does not e l imina te  t h e  discrepancy between ind iv idua l  

va lues  of t h e  c o r r e c t i o n s  of t h e  equinox and equator.  One of t h e  main o b s t a c l e s  

t o  ob ta in ing  va lues  of t h e  zero p o i n t s  which agree is assumed t o  be mainly ob

s e r v a t i o n a l  e r r o r s ,  which it i s  not  poss ib l e  t o  exclude from t h e  observed cy and 

6. They are p a r t i c u l a r l y  l a r g e  f o r  o b j e c t s  having d i sks .  

A t  t h e  s t a r t  of t h e  20th century ,  observa t ions  of t h e  moon, which because 

of i t s  rap id  motion among t h e  stars has  a number of advantages i n  comparison 

wi th  t h e  large p lane t s ,  began t o  be used f o r  improving t h e  zero p o i n t s  of t h e  -/ 4  
fundamental catalogues.  The f i r s t  va lues  of t h e  c o r r e c t i o n s  A A  and A 6  were

0 
obta ined  by Newcomb's method [61. It i s  impossible t o  cons ide r  t h e i r  agreement 

very s a t i s f a c t o r y ,  although it i s  b e t t e r  than f o r  t h e  p lane ts .  It is shown 

l a t e r  t h a t  observa t ions  of t h e  moon can be success fu l ly  used i n  determining t h e  

c o r r e c t i o n s  o f  t h e  equinox of t h e  fundamental ca ta logue  i f  during t h e  reduct ion  

. t h e  asymmetry of t h e  luna r  d i s k  i s  taken i n t o  account and more r igo rous  methods 

of determining A A  and A 6  
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are used c7-121. Experience shows t h a t  tak ing  i n t o  
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account t h e  l i b r a t i o n  effect i n  t h e  r a d i u s  and t h e  c o r r e c t i o n s  t o  t h e  elements 

of  t h e  moonts o r b i t  permits  ob ta in ing  from s h o r t  series (70-100 observa t ions)  

agreement of t h e  equinox c o r r e c t i o n s  b e t t e r  than those  obtained by o t h e r  inves

t i g a t o r s  who processed series t e n  t i m e s  longer.  However, a t  t h e  present  t i m e  

it is not  poss ib le  t o  recommend only  t h e  moon f o r  o r i e n t i n g  fundamental cata

logues,  s i n c e  due t o  fundamental d i f f i c u l t i e s  i n  determining t h e  c e n t e r  of m a s s  

of t h e  observa t ions ,  t h e  problem of de te rmining , the  c o r r e c t i o n  of t h e  equa

t o r  s t i l l  remains unsolved. But due t o  t h e  nearness  of t h e  moon t o  t h e  e a r t h ,  

t h e  l a r g e  number of observa t ions  obtained earlier and being c a r r i e d  o u t  a t  t h e  

present  t i m e ,  and a l s o  t o  t h e  a v a i l a b i l i t y  of  d a t a  on t h e  f i g u r e  and relief,  it 

is p o s s i b l e  t o  so lve  t h i s  problem i n  a comparatively s h o r t  t i m e .  

A t  t h e  end of  t h e  1930's it w a s  proposed t o  use  f o r  o r i e n t i n g  systems of 

fundamental ca ta logues  observa t ions  of  t h e  minor planets .  This  i d e a  w a s  d i s 

cussed i n  1932 a t  t h e  F i r s t  Astrometric Conference a t  Pulkovo [131. 

The quest ion of t h e  p o s s i b i l i t y  and a d v i s a b i l i t y  of  using t h e  minor p l a n e t s  

t o  determine t h e  c o n s t a n t s  of ca ta logues  i s  i n v e s t i g a t e d  i n  t h e  papers [14-183. 

I n  1935 a plan of  observa t ion  of  t h e  minor p lane ts  was proposed f o r  t h e  accom

plishment of  which work began i n  t h e  Soviet  Union on a large scale i n  1955 i n  

connection with t h e  c r e a t i o n  of  t h e  Catalogue of  Fa in t  Stars .*  Ten  minor p l a n e t s  
m no f a i n t e r  than 10 -5 a t  oppos i t ion  w e r e  s e l e c t e d  f o r  t h e  observa t ions  [24, 311. 

A plan w a s  worked out  i n  1935 f o r  photographic observa t ions  of  14 minor 

p l a n e t s  i n  t h e  USA [19]. P l a n e t s  with var ious  e c c e n t r i c i t i e s  and o r b i t a l  in

c l i n a t i o n s  w e r e  included i n  t h e  list i n  o r d e r  t o  i n v e s t i g a t e  systematic  e r r o r s  

of t h e  s t a r  ca ta logues  which vary not  on ly  with r i g h t  ascension but a l s o  with 

d e c l i n a t i o n  i n  t h e  zone k3O". I t  i s  suggested t o  introduce i n t o  t h e  conditio-

a1 equat ions 164 unknowns which c h a r a c t e r i z e  atmospheric d i spers ion ,  systematic  

errors of  t h e  s tar  catalogue,  and c o r r e c t i o n s  t o  t h e  elements of  t h e  o r b i t s  of 

t h e  14 p lane ts .  It is n a t u r a l  t h a t  such a l a r g e  number of unknowns i n  t h e  

equat ions does not  permit a r e l i a b l e  determination of t h e  elements of or ien

t a t i o n  and t h e  systematic  e r r o r s  of t h e  catalogues.  I t  s e e m s  t o  u s  t h a t  t h e r e  

i s  no n e c e s s i t y  h e r e  t o  d i s c u s s  i n  more de t a i l  t h e  b a s i c  p o s i t i o n s  of t h e s e  

proposals  and t h e  methods of  computing t h e  zero p o i n t s  of t h e  catalogues.  

The first c a l c u l a t i o n s  of t h e  c o r r e c t i o n s  of t h e  equinox and t h e  equator  

from observa t ions  of Eros w e r e  c a r r i e d  out  by Rabe i n  1950 [ZO]. Following 

* Orig ina l  t i t l e :  Kataloga slabykh zvezd. 
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t h i s ,  t h e  r e s u l t s  of process ing  observa t ions  of Nemausa [21] and Juno 

[22] w e r e  published, and r e c e n t l y  - t h e  r e s u l t s  of a de termina t ion  of t h e  

c o r r e c t i o n  of t h e  equinox and equator  and a l s o  c o r r e c t i o n s  t o  t h e  elements of 

t h e  o r b i t s  of t h e  major p l a n e t s  M a r s  and J u p i t e r ,  and t h e  minor p l a n e t s  C e r e s ,  

P a l l a s ,  Juno, and Vesta [23]. 

Rabe used i n  h i s  d e r i v a t i o n  of t h e  va lues  of A A  and ASo more than 3000 ob

s e r v a t i o n s  of Eros over  t h e  per iod  from 1926 t o  1945, Naur used 750 observa t ions  

of Nemausa from 1943 t o  1954, and Ore l f skaya  used obse rva t ions  of Juno from 1934 
t o  1943 obtained a t  va r ious  obse rva to r i e s  of t h e  world both  by v i s u a l  and by 

photographic methods. See t h e  paper [22] f o r  a summary of t h e  r e s u l t s  of each 

author.  The va lues  of t h e  elements of o r i e n t a t i o n  obta ined  by Yasuda agree 

very poorly among themselves, and t h e i r  e r r o r s  o f  de te rmina t ion  are very large, 

as i n  t h e  papers [21, 221, The t o t a l  equinox c o r r e c t i o n  of + 0s . O l 3  agrees w e l l  -/ 5  

with  t h e  va lues  of A A  which w e  ob ta ined  from obse rva t ions  of t h e  moon and which 

o t h e r  au tho r s  obta ined  from obse rva t ions  of t h e  major p l a n e t s  C2.51. The poor 

agreement of t h e  remaining va lues  of t h e  c o r r e c t i o n s  t o  t h e  zero p o i n t s  ca l cu l 

l a t e d  from t h e  observa t ions  of var ious  o b j e c t s  g ive  cause t o  r e t u r n  once again 

t o  t h e o r e t i c a l  d i scuss ions  of t h e  p o s s i b i l i t y ' o f  t h e  inc lus ion  of o b j e c t s  used 

up t o  now f o r  t h e  o r i e n t a t i o n  of systems of fundamental ca ta logues .  The goal 

of our  subsequent i n v e s t i g a t i o n s  is t o  ob ta in  r igo rous  cond i t iona l  equations 

f o r  t h e  simultaneous determinat ion of t h e  e r r o r s  of t h e  ca t a logues  and t h e  

c o r r e c t i o n s  t o  t h e  elements of t h e  p lane t  and t h e  ea r th .  W e  no te  t h a t  t h e  

equat ions  obtained a r e  v a l i d  f o r  both t h e  minor and t h e  major p l a n e t s  because 

t h e  former motions do not  d i f f e r  i n  n a t u r e  from t h e  l a t t e r .  

The n e c e s s i t y  of s t a t i n g  t h i s  problem i s  st i l l  d i c t a t e d  by t h e  inc rease  i n  

accuracy of t h e  observa t ions .  Consequently, more r igo rous  cond i t ions  are i m 

posed f o r  t h e  accuracy of t h e  determinat ion of t h e  zero p o i n t s  than  30-40 years  

ago. Th i s  s i t u a t i o n  r e q u i r e s  a s e r i e s  of f a c t o r s  t o  be taken  i n t o  account 

i n  processing t h e  obse rva t ions  which w e r e  not considered earlier. The l a t t e r ,  

i n  t h e i r  t u r n ,  forced  t h e  c r e a t i o n  of new methods of determining astronomical 

c o n s t a n t s  and t h e  refinement of t h e  o ld  ones. 

4 
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-- - -- 
Deriva t ion  of  Condi t ional  Equations f o r  t h e  Determination-_. _ _  - .~ - . 

of  t h e  Zero P o i n t s  o f  Catalogues from Observations of  t h e- ._ ’ 

Major and Minor P l a n e t s  
-

If d i f f e rences  are t o  be  c l a r i f i e d  between t h e  ca l cu la t ed  coord ina tes  of a 

p l a n e t  and those  obta ined  from observa t ions  on the system of some catalogue o r  

o t h e r ,  then  t h e y  should be  explained p r imar i ly  by co r rec t ions  t o  t h e  elements o f  

t h e  o r b i t s  of t h e  p lane t  and t h e  e a r t h  and a l s o  by t h e  presence of  sys temat ic  

e r r o r s  i n  t h e  r i g h t  ascens ions  and dec l ina t ions  of t h e  catalogue used: 

Aao=dao+a+b cos ao+c s in  ire, 

.A60=d&fa‘+b’cos aO+c’ sin ao. 

In  a d d i t i o n  t o  those  ind ica t ed  above, one can inc lude  i n  Eq. (11 ,  as unknowns, 

t h e  c o r r e c t i o n s  t o  t h e  masses o f  t h e  major p l ane t s ,  c o e f f i c i e n t s  of  atmospheric 

d i spe r s ion ,  and o the r s .  In  t h e  present  paper a l imi t ed  problem i s  discussed -
t h e  p o s s i b i l i t y  of  determining 17 unknowns from observa t ions  of t h e  major and 

minor p l a n e t s  from Eq. (1). 

To ob ta in  t h e  d i f f e r e n t i a l s  da and d6 w e  used t h e  well-known r e l a t i o n s
0 0 

between t h e  geocent r ic  and h e l i o c e n t r i c  equa to r i a l  coord ina tes  of a p l ane t :  

p cos 6 0  cos a0 =x-x’, 

p COS 60 s in  ao-y-y’, 
p sin 60=.~--z’. 

where 

x, y, z and X I ,  y ’ ,  z 	 a r e  t h e  rec tangular  equator-31 h e l i o c e n t r i c  
coord ina tes  of a p lane t  and t h e  e a r t h ;  

I), a0, h0 are t h e  geocent r ic  coord ina tes  ( s p h e r i c a l )  of  t h e  p lane t .  

Taking t h e  d i f f e r e n t i a l  of  equat ions (21, w e  ob ta in  t h e  following 

r e l a t i o n s  : 
p cos bo duo= ( d y  cos ao-dx sin ao) -(dy’ cos ao-dx’ s i n  ao), 

pdbO=dz cos &-sin t iO(dxcos ao+dy sin ao)-dz‘ cos 60+ ( 3
+sin 60(dx’cos ao fdy ‘ s in  ao). 

Eq. ( 3 )  relates changes i n  t h e  geocent r ic  coord ina tes  cy0 and 60 t o  changes i n  

t h e  h e l i o c e n t r i c  coord ina te s  of t h e  p lane t  and t h e  ea r th .  -/ 6  

The r ec t angu la r  h e l i o c e n t r i c  coord ina tes  are presented i n  t h e  following 

form: 
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and 

where 

A, B, C, a, $, y and A ’ ,  B‘, C ’ ,  a’,@ I ,y’ are t h e  Gaussian cons t an t s  f o r  

t h e  p lane t  and t h e  e a r t h ,  respec t ive ly .  

A f t e r  d i f f e r e n t i a t i o n  o f  t h e  Eqs. ( 4 )  and (5)  w e  have: 

dx= (adr+;da)  s in  ( A + u )  + d ( A + u ) r a  cos ( A + u ) ,  
dy=(pdr+rdp)  s in  ( B + u )  i - d ( B + u ) r p  cos ( B + u ) ,  
dz= (ydr+rdy)  s in  (c+u)+ d ( C + u ) r y  cos’ ( c+u) ,  

dx‘= (u’dr’lr’da’) s in  (A’+u’) +d(A’+u’)r’a’cos (A’+u’) ,  
dy’= (p’dr‘+r’dp’) s in  (B’+u’) +d(B’+u’)r’p‘cos ( B ’ s ~ ’ ) ,  
dz’ = (y’dr’ +r’dy ‘) sin ( C’ +u‘) .+d ( C’ +u’) r‘y‘ cos (C‘+u’) . 

Having s u b s t i t u t e d  t h e  va lues  of  dx, dy, dz, dx’ ,  dy’,  dz’ i n t o  Eq. (31,  w e  ob ta in  

t h e  dependences o f  t h e  d i f f e r e n c e s  of  t h e  r i g h t  ascens ions  and d e c l i n a t i o n s  on 

t h e  elements o f  t h e  o r b i t s  o f  t h e  p lane t  and t h e  e a r t h :  

2p  cos Godao=[fi s in  (B+u-ao) + p  s i n ( B + u + a o ) 
-a cos (A-t-u-Q) +a cos (A+u+uo)]dr+[s in  (B+u-ao) + 
+sin  ( B + u  +ao)]rdg+[cos (A+~r+uo)--cos (A+u-ao)]jda+ 
-+,[cos (B+u-uo)  +cos ( B + u  +uo)]rpdB+[sin (A+u-ao)

-sin(A+u+ao)],radA +@cos(B+u-uo) + p  cos ( B +  
+u+ao)-a s in  (A+u+ao) + a  sin (A+u-ao)]rdu

-[P’sin (B’+u’-ao) +p’s in  ( B ’ ~ u ’ t ~ ~ ) - - u ’ c o s ( A ’ + u ’ - ~ ~ )  ( 8 )+ 
+a’ cos (d’+u’+ ao)]dr’-[sin (R’+ u’-uo) +sin (B’+ u‘+ 
+ao)k’dp’+cos (A’+u’+ao) ---COS(A’+u‘- uo)]r’da’

-{cos (B’+u’--ao) +cos (B’+u’+uo)],r’p’dB’--lsin (A’+ 
+u’-ao)-sin 	 (~’+u’+ao)],r’a’d~’-[~’ cos ( ~ ’ + u ’ - a ~ )< 

+$‘cos (B’+u’+ao)-a‘sin (A’+u’+ao) +a’sin (A’ 
t IL’-Uo) Jr’du’; 
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2pd60=sin60f-fJcos (B+u-ao)+pcos (B+u+ao) 

--asin (A+u-uo)-u sin (A+u+uo) + 2 y  sin (C+u)  ctgbo]dr+ 


+ 2 r c 0 s 6 ~ s i n(C+u)dy+2rycos60cos (C+u)dC


-r sin 6dsin (Afu-ao) +sin (A-tu+ao)]da 


-ru sin &[cos (Ad-u-ao) +cos ( A + u + a ~ ) ] d A 
--r sin GdIcos (B+u-m)--cos (B+u+ao)]dp-r~ sin 6oIsin (B+ 

+u+ao)-sin (B+u--ao)]dB+{2ry cos 60 cos (C+u) 
-ra sin 60cos (A+u-ao)--ra sin 60cos (A+u+ao) 

-rp sin tiosin (O+u+ao) +rj3 sin 60 sin (B+u-aO)]du+ 
+sin 8ofa‘sin (A’+u’-ao) +a’sin (A’+u‘+ao) + 

+p’cos (B’iu’--ao)-fi ’cos (B’+u‘i-u0)-2y’sin (C‘+ 
+ut )  c tg  60]dr‘-2r‘ sin (C’+ u‘) cos body’-2r’y‘ cos (C‘+ 

+u’) ‘cos.GsdC‘+r‘sin &[sin a(A’+u’-ao) +sin (A’+, 
+u’+ao)]da’+r’a’sin Gafcos (A’+u’--uo) +cos (A’+, 

+ut+ ao)]dA‘+r’ sin GO[COS (B’+ u’-ao) -cos (B’ +u’ + 
+ao)pp‘+ rrp’ sin &,[sin (B’+ u’+ ao)-sin (B’+ u’-uo)]dB’

-[2r‘y‘cos bo cos (C’+u‘)-r’u’sin 60 cos (A’+u’-ao)

-/a‘sin 60cos‘(A‘+u’+ao)-r’B’sin &s in  (B’+u’+ao) + 
+r‘p’ sin 6o sin (B’+u’-ao)]du’. 

On the bas is  of E q s .  (21, ( 4 ) ,  and ( 5 )  it i s  easy t o  w r i t e  subsidiary 

re lat ions  with whose help i n  the coe f f i c i ent s  of the E q s .  ( 8 )  and (9)  one can 

separate the he l iocentr ic  and geocentric coordinates: 

1 p cos60sin (A+us tao )=  -[ra-racos2(A+n)
2 

-r‘a‘cos (A’+A+u.+u’)  T r p s i n  (A-B)  k r f J s i n  (A+.+ 
i 2 u )  rtr’p‘ sin (A-W+u-u’) T 

T r‘p‘sin (A+B’+u+u‘)-r’a’cos (A-A’+u--d)); 

1 pcos 60’cos (A+u-+uo) = - [ra sin 2(Afrr)
2 

-r’a’sin (A.+A‘-tu+u’) +r’a’sin (.A-A’+u-u’) F r p  cos (A
-B) t r g  cos ( A + B + 2 u )  +r’p’cos (A--B’+u-u’) T 

T r’p’ COS (A+,B’+u+,u’)); 

7 



1 
p cos 6 0  sin (B+.u_tao).=- [ fa  cos (A--B)-ra cos ( A + B +

2 

+2u) --t‘a’ cos (B--A’+ u-u’) +r‘a‘ cos (A‘+ B +u+u’) -i

k r p  sin 2(B+u)  kr’p’sin (R--B’+u--u’) T r‘g’sin(B+B’+u+u’)]; 

pcos 60cos (B+u+ao) = -1 [ra sin (A-B) +ra sin ( A + B +
2 

+2u) +r’a’ sin (B--A’+ u-u’) -r’a’ sin (A’+ B +u+u’) f 

f f l p - f f f i c o s 2 ( B + u )  fr’p’COS (B-B‘+u-u’) f f ‘ P ‘ C O S  ( B +  
+R’+ u. +ut)]; 

p COS 60 sin (A’+u’kao) = -1 
[ ra  cos (.4-A‘+u-u’)

2 
‘-fa COS (A+A‘+u+U’)--r’a’+r’a’cos 2(A’+u’) -c
‘ zkrg sin (B--A’+u--ut) t r p  sin (B+A’+u+u’)  

T r‘p’ sin (B’-A’) Tr’p’siri ( A ’ + B ’ t Z u ’ ) ] ;  

1 
p cos a. cos (A’+u’_tao)  = -

2 
[ra s i n  (A-A’+u-u’) 

+ra s in  (d+A’+u+u‘) -r ’ t r ’ s in  2(A’+u’)  
T r l 3  cos (B--A’+u-u’) + r p  cos (B+A’+u+u’) 

Fr’p’ cos (d’-B’) -?: r’p‘ cos (A’+ B’+2u’)I;; 

p cos a0 sin (/?’+u’+m)1 
= -

2 
[ra cos (A-B’+u-u’)

-r’a’ COS (A’-B’) +r’a‘ COS (A’+B’+Zu’) 2 

T 

+ 


t 


k r b  sin (B--B‘+u-u‘) kr,P sin (B+B‘+u+n’) T 
f r‘$‘ sin 2 (B’+ u’)-ra COS ( A+B’+ u+u’)JI; (11 

1 
p cos 6o cos (B’+u’_tao) = - [ fa  sin (A-B’+u-u’) +.

2 
+ r a  sin ( A+B’+ u +u’)  -fa’ sin (A’-B’) -r’a‘ sin (A’+ 

. .  
+B’+2u’) Trg cos (B-B’fu-u‘) -+rp cos (B+.B’+u+u’) -+ 

, fr’p’F r’p’cos 2(B’+u’ ) ] .  

If w e  t ransform t h e  Eqs. ( 8 )  and ( 9 )  with t h e  he lp  o f  t h e  r e l a t i o n s  (10) and 

(111, then  one can w r i t e  t h e  equat ions  i n  such a form t h a t  t h e  d i f f e r e n t i a l s  

da,0 and dso are func t ions  only  o f  t h e  h e l i o c e n t r i c  coord ina te s  o f  t h e  p lane t  

and t h e  e a r t h :  
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2p2cos2b~da0=j.a@’~o~.(A-B’+u’-u’)~-a~cos (A+B‘+u+u’)
-@a‘ COS (B-d’+u--u’) +Q‘~’COS (B+A’+u+u‘)](r‘dr-rdr’) + 

+[ra cos (A-B)-ra COS (A+B+2u)-r’a’ cos (B-A’+ 
+u-u’) +r’a’ cos (A’+B+.u+U’)]rdp+~--r~ COS (A-B) + 

+rp cos ( A + B + 2 u )  + f ’ S ‘ C O S  (A-B‘+u-u’)-~’B’cos ( A +  
+B’+u+u’)]rda+[ra sin (A-f3) +ra sin ( A + B + 2 u )  + 

+r’a’ sin (B-A’+u-ut)-r‘a‘ sin(A’+B+u+u’)]rpdB+. 
+[r@ sin (A-B)-rp sin (A+B+2u)-r’p’ sin ( A - E + .  

+‘u-u’) +r’@‘ sin (A+B’+u+u’)]radA-{ra cos (A-B‘+’ 
+u-u’) -ra cos ( A+B’+ u +u‘) -r’a’ cos (A‘-B’) + 

+fa’ cos (A’+B’+2u’))r’dp’ +-rp COS (B-A’+u-u’) + 
+ f p  COS (B+A’+u+u’) +r‘P‘ COS (A’-B’)-r’F COS (A’+ 
+B’+2u)]r’da’--fra sin (A--B’+u-u’) + r a  sin (A+B’+  

+u+.u’)-r’a’sin (A’-B’)-r’a’sin (A’+B‘ +2u’)]r’p’dB’-
-1-rp sin (B-A’+u-u’)-rp sin (B+A’+u+u‘)
-r‘S‘ sin (A’-B’)+r’@’siii (A’+B’+2u’)]rta’dA’+ 

+{2arp sin ( A - B )  +r’Sa‘sin (B--4’+u-u’)
-pr‘a’sin (A’+B+rr+u’)-r’ap’sin (A-B’+u-u’) + 

+r’ap’ sin (A+B’+u+u’)]rdu-[-2r’a’p’sin (A’--BL) + 
+rap’sin (A-B’+u-u’) +rap‘ sin (A-tB’+u+u’) 

-fa’s sin (B-A’+ u-u’) - d r S  sin (5+A‘+ u +u’)k’du’; 

”fi2d60= tgn0[--rp2+r 8 2  cos 2 ( B+u )  +r’[q3’ cos (B--B‘+ u-u‘) 
-r’pp’ cos ( B+B‘+ 11 +u’)-fa2 +ru2 COS 2 ( A  +u )  + 

fr’rza’ C O S  (A-A’+ U-lL’) -f‘Uu’ COS (A’+A +1L +U‘) ]df+ 
+2y sin(C+u)cos8Jdr+2r s in(C+u)cos  & d y +  

+2rycos 60 c o s ( C + u ) d C + r  tg &J-ra+ra cos 2 ( A + u )  + 
+fa‘ C O S  (A--A’+u-u’) -/a’ C O S  (A’+A +u+ u’)],du-b 
+ f a  tg 6of-ra sin 2 ( A+ u )  +fa ‘  s in  ( A+A’+u+u’) 

--r’u’sin(A-A’+u-u’)]dA+r tgso[-rp+rp C O S  2 ( B + u )  + 
+r’P’ COS(B--B’+u-u’)--r’~‘ cos(B+B’+u+u’)],d/3+ 

+ r p  tg 60[-rg sin 2(D+u)-r’p’sin(B-B’+u-u’) + 
-+ r’p’ sin ( B+B‘+ u+ u ‘ ) ]d B  +tg 6o[-r’/3’2+ r ’ f P  cos 2 (B’+ u’) + 

-+rgp’ cos (B-B’+ u-u’) -rpp’ COS ( B-I-B‘+ u +u’)-r’aQ+ 

k r ‘ d 2  cos 2(A’+u‘) +raa’ ~~~(A-A ’+u-u ‘ ) - raa ’cos(A+A’+  
-rcfu‘!ldr‘--2y‘sin(C’+u‘)cos 60dr‘-2 r’sin(C’+u’jcos b0uy’

-2 r’y’ cos 60cos(C’-l-u’)dC”-;r’ tg 6o[rir cos(A-A‘+u-u’) 
-ra C05(A +A’+~+~’)-r’a’+r’a’ COS 2(A’+u’)],da’+ 

(12) 


( 1 3 )  
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.+r’a‘tgGo[ra sin(A-A’+ u-u‘) +ra sin(A+A’+u+u‘)
-r’i1’ sin 2 (A’+ d)]dA‘+r‘ t g  6drp COS (B--B’+ u-u’) -rp COS ( B+B’+ 

+u+u’)-r‘p’+r’p’ cos 2(B’+u’)@p’+r’p’ tg  SO[rp sin(B--B’+ 
+	u-u‘) +rp sin (B+B‘+ u +u’) -r’p’ s in  2 (B‘+ u’) ]do’+. 

+r { tg  60[-ra2 sin 2 ( A  +u)  +r‘aa‘sin(A+A‘+.u+u‘)-
-tau’ sin (A-A’+u-u’) -rp2 sin 2 (B+u )-r’pp‘ sin (B-E‘ + . 

+u-u’) +r‘@’ sin (B+B’+ u+ u’) 1+2y cos (C+u )cos a,,} du+ 
-tr‘ { tg 6drau’ s in  (A-A‘+u-u’) + r a d  s in  (A +A’+u+u’) 

- r’(1’2 sin 2 (A’+ ut)+rpp’ sin ( B-B‘ +u-u’) +rpp’ sin ( B+B’ +u +u’) -. 
-rijj’p sin 2 (B’+ u’) ]-2y’ cos (C’+u’) cos 60} du’. (13) 

Using the well-known relations [91 

a sin A =cos 51, 

a cos A =-sin P cos i, 


p sin B.=.sin 51 cos E ,  


@ cos B =COS 51 cos i cos E-sin i sin E, 

. y s in  C,=sin P sin E ,  

y cos G=cos 9 cos i s in  &+s in  i cos E ,  

it is easy to obtain expressions for cy, 8 ,  y, A ,  B, C and their differentials: 

t g  A--ctg C, scc i, 
clg B=c tg  0 COS i-sin i coscc 52 tg E ,  

ctg C=ctg  z! cos i - t s i n  i coscc 9 ctg E ,  
(18) 
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~ C -L sdR C pdi, 
db =I d Q  +nide indl, 
d y  =qdQ + tde +iwdi, 

( 1 9 )  

d.4 =SdQ +Pdi, 

dB=I(dQ+Mde+Ndi,  

dC=QdQ+.Tde+Wdi. 
where 


sin 2Q(cos2i-1)
.$= ~ 

2a (20) 

p =  -~sin2 Q sin-2i 
2u 

, 

1sin 2Q cos2 e-sin 2Q cos2 i cos2 E +  -sin Q sin 2i sin 2e 
k = - ‘ ~-

. ‘‘B 
2 

sin2i sin 2e-sin2 Q sin ~ E - C O S ~SZ cos2 i sin 2e-cos Q sin 2i cos 2.5 
m =  >2P (21) 


n = -sin2 e sin 2i-cos2 Q cos2 e sin 2i-cbs Q sin 2s cos 2i 
I 

28 
1sin 2Q sin*e-cos2 i sin2 9 sin 252- slin51 sin 2i sin 2e 

f =  sin2 !2 sin ~ E + C O S ~Q cos2 i sin 2&--din2 i sin ~ E + C O S  Q sin 2i cos 2e . 
2Y 

w =  cos2 e sin 2i-cos2 52 sin2 E sin 2i+cos Q cos 2i sin 28 . 
2Y 

s=-,cos i 
a2 

sin i sin 251p = - -
2a2 

> (22) 

cos i cos2 e- -1 sin i cos Q sin 2~ 
K =  2 

B‘ , 

M =  sin i sin Q 

P2 
, 

N =  sin 2Q sin i cos2 E+ cos i sin S2 sin-2e .
2s; 
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--- 

I I 111.1.11111 I111111111111111I1111111 I 1  ,,,,,,,111 I 1 ,111111  1.1 I ,111 I 111 I., I1 .1111-1  . 

cos i si112 e+ -1 sin i cos 52 sin 2~ 

~~2 __
Q =  vz 9 

T =  :in i sin Q 
9 

V2 
1sin i sin Q s.in2e- -cos i sin Q sin 2s 

W =  2 
Y2 

We W r i t e  s i m i l a r  r e l a t i o n s  f o r  t h e  e a r t h :  

da'.= s'dQ'+ p'di'. 
d p' =k'dQ' +m'de +n'di', 
dy'= q'd&'+ f'de +w'di', 

dA'= S'dQ'+ P'di', 
dB'.=K'dQ'+ M'de+.N'di', 

de!= Q'dQ'+ T'de +W'di'. 

(24)  


NOW Eqs. (12) and (13) can be transformed so t h a t  t h e  c o r r e c t i o n s  t o  t h e  elements 

of the o r b i t s  of t h e  p lane t  and t h e  e a r t h  a r e  separa ted  out .  A t  t h e  present  

stage one can do t h i s  only f o r  those  elements which c h a r a c t e r i z e  t h e  pos i t i on  

of the o r b i t s  of t h e  p lane t  and t h e  e a r t h  i n  space: 

2p'

-COS* dodao=cos (A-B'+u-u')X,+cos (A+B'+u+u')&+ 

rr' 


+u+u')Xlo+sin (A-B'+u-u') X I I  +sin ( A+B'+ u+ 
r' 

+U')Xl i+  -r' cos (A'-B')X; + -cos (A'+B'+2u')X; + 
. r r 

j-
r' sin (A'-B')Xi +-	r' sin (A'+B'+2u')X;; 

r 

2P2 ( 2 5 )  
ctg 60  rr' -d S o =  Yo+cos (B--U'+u-u') Y1+cos (B+B'+. 

r r+u+u')Y2+ --cos 2(A+-u)Y3+ -cos 2 ( B + u ) Y 4 +
r' r' 

+COS (A-A'+li-u') Y ~ + C O S(A,+A'j-u+u') Y6+
cos?a, COS%8, r+---
sin a0r' 

sin (C+u)Y7+ -cos ( C + u )  Ya+ -sin 2(A+
sin aor' r' 



-- 

v -  

r‘-I- -r* cos 2(B’+u‘) Y ;  .+-cos 2(n’+U‘,Y;  + cos a a, sin (C’+u‘)Y;+ -/I2 
r r sin 8,r ( 26 )  

r’ r‘
& .. .~ 

cosa 2(, cos (C’+u‘)Y; + -s ir i2(A’+u’)Y;+ - s i n  2(B’+u’jY;i. 
’ sin 6,r r r 

The quantit ies  Xi and Y i i n  Eqs. ( 2 5 )  and (26) have the following values: 

dr dr’ +p’ (sdQ+pdi)-a(k’dQ‘+ m’de+n’di’) IXI=up’ (7-7) 
x2=-x1, 

drt = - P a ” (  - dr’ -a’(kdQ+mde+ndi) +P(sidW+p‘di‘),
r -7) 

x4=-x3. 

Xg= (ka-sp) dQ + (nu-pp) di+ made. 

x g  =-xs. 


X7= a H ( K + S - 2 )  dQ + ( P  +N )  di + M d e + 2 4 ,  

’ 

Xs=~ f s I( K - S )  dS2 + ( f i -P)  di+ Mde], 
X g =  a’@[(K-1  ) dQ +Mde+ Ndi+ (SI-1) dQ’+ P’di‘+ d f+dQ. 

XI,= -dp[ ( K - 1) dQ +Mde+ Ndi- (S’- 1) dQ‘-P‘di’+ dl-df?.; . 

.XI I =-ap’[ (S- 1) dC2 +Pdi+ (K’- 1) dQ’+ M‘de +N’di’+df +df”J,., 
SL2=ap’[(S-l)dQ+ Ptfi-((‘-l)d~‘--A.l’~e--N’di’+df-df~; 

.Y’1 r - (u’k‘-~Y.s’) &!’+ (u’ /~’--(J’p’)di‘ +a’rdde, 
.y;=-x.;, 

X i  =a‘fl‘{ (K‘+ S‘-2) dQ‘ j (N‘+P I )  dit+ M‘de +!2df’j, 
X; =.a’p’{ ( - k+K’ )  dQ’+ (-P’+ N’)  di’ +M’de]; 

dr rI; :::-- (,I?+ p’) . ;-+ -T( ( s a  +p k )  tlR + ( t z p  +pa)di+ mj3del f 
r r 

r’+ (a’2+6‘2) +[“‘s”+P’k’)dQ’+ (a’p’+n’p’)di‘+m‘P’de~- ,r r 

Y , = : p p ’ r + T )  +,p‘(kdQ+mde+.ndi) +p(k‘dQ‘+m’de+n’di‘). 

Y2 =-Y,,  
dr 

3 - ~  + , a ( s d Q i p d i ) ,  
y - 2 r  

Y 4 = p 2 -
d r  + p ( k d  Q + m d  e + n d i ) ,
r 

dr‘
Y5=ua’ (; dr +--) +a‘(sd  Q + p d i )  +a(s ’d  Q’+p’di’). 

1#j-- y5. 

+qd Q+td  e+wdi  
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Y8=2y[ (Q- 1)  d 51 +Td e+ W d i+do,  

Yg=-aT(S- 1)  d R +Pdi +d o ,  


Ylo=uu'f(S- 1)  d Q +Pdi+ (S'- 1) d Q'+ P'di'+ dl  +df'], 

NI1,=~~a'f-(S-l)d Q-Pdi+ (S'-1)d S2'+ P'di<-dl+dll, 

Y I 2=-p2( ( K - 1 ) d $2+Md E +A'di +do,  
Y l ~ = P $ ' ~ - ( K - l ) d Q - M d  E-Ndif (K'-1)d Q'+. 

+M'd E +N'di'-dl +d17. 
Yii= &3'[(K- 1 )  d Q +Md e +Ndi+ (K'-I) d Q'+. 

+A4'd e +  N'di'+dl +df']; 

Y1 -'-p'* e'+fi; (k'd 51' +m'd E +.n'di') ,' 
r' 

Y2'=(2'2--dr' +a'(s'd S'+p'di'),
f' 

+q'd S'+ t'd e +.w'di' 

y,' =-2.y'l (Q'- 1) d Q'+ T'4 E +W'di'+ df'],. 
Y~'=-cz'~[(S'- 1 )  d Q'+P'di'+d17, 

Ye'= -$'? (K'- 1) d Q'+ M'd E +."dit+ dl']. 

Assuming i n  Eqs. ( 2 5 )  and ( 2 6 )  
u=1-Q, u'=f'-P', 

w e  obta in:  

' 2pZ-cos2Qd ao=Illcos(f--l') +ITpsin(l-l'j +ITacos(f +f')  +
rr' 

f
+&sin ( f+f')+ -r' G c o s  2 I+ 

+-r' &sin 2 f ' f  r 

r r' 
-r' H6sin2 I+ -r rIlcos 2f'+ 

. r' 
-r' 1i9+ -

r 
fl,o; 

4' Sod So= Tlcos(1--1') + T 2 c o s ( f i f ' )+T3sin(f-f') +-ctg
rr' 

cos260 1
+T,sin(!+!') + -

r' 
f 

T5cos2 I+T6 -r 
sin 2 I +T7 -- cos I +  

r' sin &o r' 

-!-sin 1 +To -I' cos 2 I / +  TI0 -
r' s in  2 f'+,+T, sin 6o r' f ' r 

1 cos260 COS f'+T,2 -~ 6~ sin I/++TI1 -- yo. 
I SI11 60  r sin tio 
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For compactness in form the following notations are introduced: 

cos (A-W-Q +Q‘) = ( 1j , cos(A+R‘-Q-Q’) =(5). 
cos(B--A‘-Q+Q’) 2 (2). COS(B+A‘-Q-Q‘) = (6 ) .  
sin(B--A’-?+L?‘) = (3).  sin(B+A’-Q-$2’) = (71, 
sin (A-W-Q +a‘) = (4j, sin ( A+B’-Q-Q‘) = (8 ) ,  

cos ( A  -9-2 9) = (9). cos 2 (3-9) 
zin(/1+8--2Q) =(IO), sin.2(!3--S2) 
COS(/^'+ 13‘-2 0’) = ( 1  I ) ,  sin (C-9) 
>in(tl‘+L3‘-2 Q’) = (12): cos (C-Q) 

cos (A-fl) = (W, cos’ 2 (B’-Q‘) 
sin (A-8) -= (14), sin 2 (B‘-Q‘) 
cos (tl’-fl’) = (15), COS 2 (A‘--Q’) 
sin (,l’--g‘) = (16). s in  2 (.?’-Q‘) 
~o~(B-f3‘--6+!2’) (17), sin (C’-Q’) 
ros(B+B’-Q-Q’) = (18). cos (P-Q’) 
sin(B--B’-$2+$2’). = (19). sin ( A - Q )  
sin(B+B’-Q--S)’) = (20). cos (A-si?) 
COS (A-d‘-$2 +52’) = (21). sin (A’-Q‘) 
COS ( A  +P.’-Q-Q’) (22). cos (A’--n’) 
sin(A-A‘-Q+Q’) = (23), sin (R-$2) 
sin(A+A’--Q-Q’) = ( 2 4 ) .  cos (B-Q) 
cos 2(A-Q) = (25). sin (B’-Q’) 
sin 2(A-S2) = (26). cos (Bf-Q’) 

19 
dr  dr’= Fi+-c20 (T-7)+FzI(d!-di’) ,  

1-15 
(32) 




1-77  

Ild 
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- -  

-
I(i0 27’T i : = ~ , 3 . j \ ~ ~ + / ~ < i l i . ‘ =  . .  - L-F. .! !‘-- ,-Z;+?. . .  . ~ 1 ’  

r’‘ 
, 
.I.. 

114 
dr’TI2= (36 )Y;-(35j Y; = F i i F l l s-
r‘ 

- k F l I 6 d f ’ ;  
1-111 

F1= [( 1)  P’s- ( 2 )a’k + (3)a’p (K- I )  -(4)ap’(S- 1 ) ]dQ,  

F2=f ( 1) p‘p- (2)a’n + (3)a’p N - (4) up’ Pldi, 


F3 =[- ( 1) ak‘+ (2)ps’+ ( 3 )a’j3 (S’- 1) -(4) aP’(K’-- 1) JdQ’, 

F4’=[- ( 1) am‘-- (2)a’m + (3)a‘p M- (4)ab’ M’lde, 
Fs=:[-(  l)an’+ ( 2 ) p p ’ +  (3)a’pP’-(4)a@’N’]di’, 

Tc=[( 1) ab’- ( 2 )Pa’], 
F7=f(3)a’8-(4)43’1, 

Fa=[--- ( 4 )p’s + ( 3 )a’k + ( 2 )u’p ( K - 1) -( 1) ap’(.S-- 1 ) ]dQ,  
F,=[-(4)P‘p+ (3)a’n f  (2)a’p A’---( l )a jYP]di .  

FIO= I  (4)ak’- (3).ps’+ (2)a’p (Y- 1 ) -( I ) up‘( K‘- 1 ) IdQ’, 
FII-[(4) am‘+ (3)a’m + (2)a’p M- ( 1)  up’ M’lde, 
F12 =[(4) an’- (3)pp’ + (2)a’fl P’- ( 1) up’ N’ldi, 

F13=-(4) up’+ (3)Pa‘, 

FI,= (2)a’B-( 1)ap’. 


FIS={- (5) J'S + ( 6 )a’k- ( 7 )a’@( K - 1) + (8) ap’(S- l ) ] d Q ,  


Fls  =[- ( 5 )p’p + ( 6 )a‘n- (7 )a’j3N + (8)af3’P]di, 

F17 ={ ( 5 )ak‘- ( 6 )ps’+ ( 7 )a’p (9-1) -(8) ap’ ( r e - 1)Ida’, 

F ls=[(5)  ani‘+ ( 6 )a’m- ( 7 )a’pM- ( 8 )ap’M’]d~, 
F19=[ ( 5 )an‘- ( 6 )pp’+ ( 7 )a’pf‘‘- ( 8 )ap‘N‘]rfi‘, 

F20=-(5)ap’+ (6)Ba‘, 

FZI=-(7).a‘p+ (8)af3‘, 


F22 = [ ( S )  p’s- (7)a’k- (6) a’p (K-- 1) + (5)up‘ (S- 1 ) ]dQ,  

F23 =[(8 )p’p- (7.)a‘n- ( 6 )a’PN + (5)ap’P]di, 


F z h = [ - (8) ah’+ (7) ps’+ (6 )a’p (S‘-1) -(5)ap’(K’-l)]dQ’, 
F25 =[- (8) am‘- ( 7 )a’m- ( 6 )a’pM- (5)ap’M’]&, 
F2~=[-(8)an’+ (7)pp’+ ( 6 )a’pP‘-(5)afi‘N’]di‘, 

F2,= ( 8 )up’- (7) pa‘. 

( 3 41 

17 
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The d i f f e r e n t i a l s  o f  t h e  longi tude  dl  and t h e  r a d i u s  v e c t o r  d r  can be expressed -/19 

a l s o  as c o r r e c t i o n s  t o  t h e  elements which c h a r a c t e r i z e  t h e  p o s i t i o n  o f  an ob jec t  

i n  o r b i t :  

dr=Ol  sin 1+’02cos 
( 3 5 )  

where @ l = ~ ~ [ t g c p c o s(Q+cl))dMo-cos (p sin (Q+co)dcp], 
92=-ujtgcp sin (Q+(o)dM,,+cos cp cos (Q+o)dcp], 


Os=a t g q c o s  (Q+m)dp ,  

@,+=--a tgcp sin ( Q + + ) d p ,  


2-5 ---dit. 
31L 

1p1= d52+dm, 
I#?= C’ COS ~p dMo, 

I#3 = C’ COS q d p .  
1p4 = sec cp cos (52  +a)dq, 

q5= -sec cp sin ( 5 2  +6 ) )dcp, 
+;=+ -9 ’  

1 1’ 

90=$ 1  ++;, 
‘G=t--to 

For t h e  Earth d r l  and d t l  have t h e  form of Eqs. ( 3 5 )  and ( 3 6 1 ,  but a l l  t h e  

q u a n t i t i e s  en te r ing  i n t o  them have primes. Although t h e  form o f  Eqs. ( 2 9 )  and 

(30 )  are simple,  t hey  are unsu i t ab le  f o r  t h e  a n a l y s i s  and ca l cu la t ions .  There

f o r e ,  t h e y  are subsequently presented i n  a form s u i t a b l e  f o r  t h e o r e t i c a l  in

v e s t i g a t i o n s  by m e a n s  of  uncomplicated but r a t h e r  cumbersome transformations.  

We now s u b s t i t u t e  d&0 and d60 i n t o  Eq. (1) .  On t h e  b a s i s  of  Eqs. (21, ( 4 )  and 

( 5  1 

20 



-- 

-- 

2p’ 

(38.) t-2 cos a. = (37) ra 
c o s l f  -sin I - (39) r’a’ 

cos I‘ -(40) r‘ a‘ sin I’, 
p cos 8, p cos 60 p :cos 8, P cos 6, 

A f t e r  t h e  necessary transformations o f  the  Eq. ( 1 )  w e  f i n a l l y  have t h e  fol lowing 

form: 

b (38) ta+ C (42) rp 
sin I-

b (39) r’a’+c (43) r’p‘ . 
+ - pcos8, ? cos 6, cos I‘ 

+O46 s in  3f’+(1)47+U48 t+ 3ctg 60 a’+ 
6‘ (37)ra+c’ (41) rp 

cos I+ 
!I cos 60 

+ b’ (38) ra+c‘ (42) rp s i n  !- b‘ (39) r‘h‘fc’ (43) r’p’ cos 1’
p cos 60 p cos 60 

21 




22 






24 
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Eqs. (37) and (38) are completely exact i n  c o n t r a s t  t o  t h e  equat ions 

which B. V. Numerov [171 used f o r  t h i s  purpose. H e  took t h e  r e c t a n g u l a r  he l io

centr ic  coord ina tes  of  t h e  p l a n e t  and t h e  e a r t h  i n  t h e  fol lowing form: 

.~=4(~--o)cos l+o cos (1-2G)], 

~ = r f ( l - - a )  sin 1-0 sin ( 1 - 2 ~ ) ] ,  (40 
z = r  sin i sin (l-Q), 

where 

D i f f e r e n t i a t i n g  Eq. (401, it is easy t o  express  changes i n  t h e  rec tangular  

coord ina tes  by changes i n  t h e  e q u a t o r i a l  elements 0 ,  i, 1 ,  and r. Subsequently, 

t h e  d i f f e r e n t i a l s  dx, dy, and.dz w e r e  introduced i n t o  Eq. (3) .  A f t e r  uncom

p l i c a t e d  but  cumbersome t ransformat ions  t h e  condi t iona l  equat ions  f o r  t h e  

determinat ion of c o r r e c t i o n s  t o  t h e  elements of t h e  o r b i t  and systematic  e r r o r s  

of t h e  catalogue w e r e  obtained. The Tina1 equat ions f o r  0 and A60 i n  [17] 
c o n t a i n  t e n s  of terms and are u n s u i t a b l e  f o r  a n a l y s i s  i n  view of t h e i r  complexity. 

Therefore,  B. V. Numerov s e p a r a t e s  ou t  t h e  terms wi th  s m a l l  c o e f f i c i e n t s ,  neglec

t i n g  small  t e r m s  of t h e  second o r d e r  i n  t h e  i n c l i n a t i o n s  i, i f ,  and 60. The 

approximate d i f f e r e n t i a l  equat ions  obtained i n  t h i s  way are subsequently used 

f o r  t h e  t h e o r e t i c a l  discussions.  In  general ,  t h e  l a t t e r  l e a d  t o  t h e  conclusion 

t h a t  observa t ions  of  minor p l a n e t s  can be used s u c c e s s f u l l y  f o r  t h e  combined 

determinat ion of c o r r e c t i o n s  t o  t h e  elements of t h e  o r b i t s  of  t h e  p lane t  and 

t h e  e a r t h  and a l s o  of sys temat ic  e r r o r s  of t h e  catalogue.  In B. V. Numerov's 

opinion,  t h e  observat ions should cont inue f o r  s i x  t o  e i g h t  months around 

oppo si tion. 

I n  t h e  present  paper t h e  rec tangular  h e l i o c e n t r i c  coord ina tes  are pre- -/25 

sented by t h e  r igorous  r e l a t i o n s  ( 4 )  and ( 5 )  through t h e  s i x  Gaussian constants .  

This subsequently made it  p o s s i b l e  t o  perform t h e  necessary  t ransformat ions  

and o b t a i n  r igorous equat ions  r e l a t i n g . t h e  d i f f e r e n c e s  Aa0 
and A 6

0 t o  t h e  cor

r e c t i o n s  t o  t h e  elements o f  t h e  o r b i t s  and t h e  sys temat ic  e r r o r s  of  t h e  ca ta 

logue. The f i n a l  Eqs. (37) and (38) a r e  w r i t t e n  i n  such a form t h a t  a l l  t h e  

c o e f f i c i e n t s  f o r  t h e  unknowns are pr imar i ly  t r igonometr ic  f u n c t i o n s  with simple 

arguments. Some combinations of c o r r e c t i o n s  t o  t h e  o r b i t a l  elements a r e  un

knowns i n  t h e s e  equations.  The r a d i u s  vec tors  of t h e  p lane t  and t h e  e a r t h  and 

26 



a l s o  t h e  t i m e  a r e  included t o  shor ten  t h e  f i n a l  form of t h e  equat ions i n  ipi' 

For many minor and major p l a n e t s  t h e  o r b i t s  are almost c i r c u l a r ;  there

f o r e ,  r and r1 can be considered t o  be constant  with an accuracy of a few 

percent.  With t h i s  condi t ion  t h e  series of func t ions  @i are p r a c t i c a l l y  in

dependent of t h e  t i m e ,  which s i m p l i f i e s  t h e  a n a l y s i s  of t h e  equat ions obtained. 

If necessary,  it is easy t o  s e p a r a t e  t h e  t i m e  terms from @i and use  them f o r  

t h e  c l a r i f i c a t i o n  of t h e  cond i t ions  f o r  separa t ing  out  t h e  unknowns i n  Eqs. 

(37) and (38) .  Eqs. (37) and (38) d i f f e r  from t h e  equat ions of B.V. Numerov 

C171, which are presented by D. Brouwer and G. Clemence C273 and o t h e r s ,  i n  

t h e i r  b a s i c  cons t ruc t ion :  i n  t h e  case of a s i n g l e  v a r i a b l e  c o e f f i c i e n t ,  f o r  

example cos ( 1  - 1 . 1 1 ,  a l l  t h e  c o r r e c t i o n s  t o  t h e  elements which a t  l e a s t  i n  

some way o r  o the r  a r e  connected with t h i s  c o e f f i c i e n t ,  are co l l ec t ed .  Each 

mi is a combination of c o r r e c t i o n s  t o  t h e  elements of t h e  o r b i t s  of t h e  planet  

and t h e  e a r t h ;  some of t h e  unknowns i n  t h i s  o r  t h e  o t h e r  ip i are predominant, 

i.e., t h e  c o e f f i c i e n t s  i n  them are many t imes l a r g e r  than  t h e  c o e f f i c i e n t s  i n  

o the r s .  In  t h e  papers of some authors ,  a s  a r u l e ,  t h e  equat ions a r e  formulated 

i n  such a way when a co r rec t ion  f o r  some element o r  o t h e r  e n t e r s  as an unknown 

and i ts  c o e f f i c i e n t  i n  it is a complicated.funct ion composed of s eve ra l  terms. 

In  t h i s  approach t h e  o r i g i n a l  r e l a t i o n s  between and A s ,  and t h e  c o r r e c t i o n s  

t o  t h e  elements of t h e  o r b i t s  of  t h e  e a r t h  and t h e  p lane t  a r e  unsu i t ab le  f o r  an 

i n v e s t i g a t i o n  of t h e  sepa ra t ion  of t h e  unknowns. 

Analvsis of t h e  Eauations and Conclusions 

One can ob ta in  a more r igo rous  r ep resen ta t ion  f o r  t h e  determination of 

t h e  elements of o r i e n t a t i o n  of fundamental ca ta logues  only if Eqs. (37)  and 

(38) a r e  used i n  t h e  a n a l y s i s  of t h e  equat ions f o r  t h e  r i g h t  ascensions and 

d e c l i n a t i o n s  of t h e  major and minor p lane ts .  The determinat ion of t h e  argu

ments of t h e  t r igonometr ic  func t ions  amounts pr imar i ly  t o  t h e  c a l c u l a t i o n  of 

h e l i o c e n t r i c  longi tudes  1 and 1 '  f o r  each i n s t a n t  of observat ion.  The Gaussian 

cons t an t s  a, B ,  y ,  B ' ,  y', A ,  B ,  C ,  A ' ,  B', C'  f o r  t h e  se l ec t ed  p lane t  and 

t h e  e a r t h  remain cons t an t s  and can be ca l cu la t ed  once and f o r  a l l  f o r  each 

p l ane t ,  s ince ,  according t o  (14) - (241, they  are func t ions  only of t h e  e le 

ments of t h e  o r b i t s .  The func t ions  mi i n  many cases are p r a c t i c a l l y  inde

pendent of  t h e  t i m e .  



W e  now move on t o  t h e  a n a l y s i s  of  Eq. ( 3 7 ) .  With t h i s  a i m  w e  d i s c u s s  

a simple equation which is obtained af ter  separa t ing  out  terms wi th  t h e  un

knowns (y and 421: 

202 2pz 

rr' 

cos? 6,Aa, = 
rr' 
-cosz EOa+Q.,, (411 


o r  rr' 
Aao=a + 

2p2 cos2 8, (421 

W e  transform t h e  c o e f f i c i e n t  of @21 i n  t h e  l a s t  equat ion 

p2 =r2+r'2-2rr' cos (1- 1') , 

A f t e r  s u b s t i t u t i o n  of  (43) i n t o  (42) 

For  t h e  major i ty  of t h e  minor and major p l a n e t s  used i n  t h e  o r i e n t a t i o n  

of t h e  fundamental ca ta logues  t h e  e c c e n t r i c i t i e s  are s m a l l  q u a n t i t i e s ;  there

f o r e ,  t h e  r a d i u s  v e c t o r s  r of t h e  p l a n e t s  vary l i t t l e  with t h e  t i m e .  The 
2 2

c o e f f i c i e n t  r r f / 2 ( r  + r f 2 ) ,i n i t i a l l y  mul t ip l ied  by r /rrf ( c o e f f i c i e n t s  

of a21), on t h e  whole a l s o  depends weakly on t h e  t i m e .  Its va lue  v a r i e s  by 

less  than 10%during observa t ion  of t h e  p l a n e t s  along an e n t i r e  o r b i t .  On 
2

t h e  b a s i s  of t h e  c o e f f i c i e n t  of t h e  term [ r r f / 2 ( r 2  + r f  11 @21 i n  Eq. (441, 
one can with s u f f i c i e n t  accuracy treat  it as a constant .  Consequently, t h e  

unknowns cy and p a r t  o f  t h e  term @21 can be combined i n t o  a s i n g l e  common un

known : 

Then Eq. (42) should b e  w r i t t e n  as follows: 
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I n  view of t h e  smallness  of  t h e  e c c e n t r i c i t i e s  and t h e  comparatively s m a l l  

d e c l i n a t i o n s  of  t h e  p l a n e t s  a t  oppos i t ions  t h e  c o e f f i c i e n t s  of 6; are s m a l l  

i n  comparison with t h e  c o e f f i c i e n t  of @0' and t h e  t h i r d  c o e f f i c i e n t  is corre

l a t e d  with t h e  c o e f f i c i e n t  of @1' The last term, which is not  d i s t inguished  i n  

t h e  condi t iona l  equat ions ,  is n o t  r e a d i l y  separa ted  from Q.  The condi t ions  of 

s e p a r a t i o n  are worse as t h e  p l a n e t  is observed n e a r e r  t o  opposi t ion.  Thus, one 

can conclude from what has been s t a t e d  t h a t  t h e  c o r r e c t i o n  of t h e  equinox, a = M ,  

is not r e a d i l y  separa ted  from t h e  c o r r e c t i o n s  t o  t h e  elements of t h e  o r b i t s  

of t h e  p lane t  and t h e  e a r t h  a n ,  d i ,  dMo, dMA and de. It is not  d i f f i c u l t  to 

see t h a t  dM
0 

and dM'
0 

e n t e r  i n t o  @
0 

with l a r g e  c o e f f i c i e n t s ,  which f o r  a l l  t h e  

p l a n e t s  a r e  an o r d e r  of magnitude larger i n  absolu te  va lue  than f o r  d Q  d i  and 

de. The conclusion i s  t h a t  dM
0 

and dMA a r e  not  r e a d i l y  separa ted  i n  t h e  condition

a 1  equat ions based on t h e  r i g h t  ascension,  are not  new, and do 'not  r e q u i r e  comment. 

Concerning t h e  c o r r e c t i o n s  t o  t h e  longi tude of t h e  node d n ,  t h e  i n c l i n a t i o n  of  

t h e  p l a n e t ' s  o r b i t  t o  t h e  e c l i p t i c  d i ,  and t h e  i n c l i n a t i o n  of t h e  e c l i p t i c  t o  

t h e  equator  de,  i t  h a s  not  been mentioned i n  one of t h e  papers known t o  us t h a t  

t h e s e  c o r r e c t i o n s  wi th  small  c o e f f i c i e n t s  are combined wi th  t h e  c o r r e c t i o n  of  /27 
t h e  equinox, as a r e s u l t  of which t h e  s o l u t i o n  of t h e  systems of condi t iona l  

equat ions f o r  t h e  determinat ion of A A  gives  a c e r t a i n  va lue  which is a com

bina t ion  of  severa l  unknowns. In  such a case var ious  p l a n e t s  should g ive  

i n c o n s i s t e n t  va lues  of  t h e  elements of o r i e n t a t i o n ,  which have been de tec ted  

i n  prac t ice .  

It i s  easy t o  understand t h e  appearance of t e r m s  i n  @ 21 with d i  and de. 

With t h i s  aim w e  r e t u r n  t o  Eqs. (25) and (26). The t e r m s  r/rt cos  ( A  - :) X5 

and r/rt s i n  ( A  - B) X7 a r e  contained on t h e  r i g h t  s i d e  of Eq. (251, and Eq. 

(26) has t h e  t e r m  Yo which c o n t a i n s ,  as is evident  from (27) and (281, t h e  

unknowns do, d i ,  and de. Subsequently, t h e s e  c o r r e c t i o n s  t o  t h e  o r b i t a l  

elements entered i n t o  @21 and @47' If w e  d i s c u s s  t h e  case where a major o r  

minor p lane t  moves i n  t h e  plane of t h e  e c l i p t i c ,  i.e., i = 0, 0 = 0, then 

according t o  (14) - (24) and (39) t h e  c o e f f i c i e n t s  of do, d i ,  and dc i n  @21 
are equal t o  zero. P r e c i s e l y  t h i s  case was analyzed by B.V. Numerov i n  [l7]. 
Therefore,  i n  h i s  opinion,  t h e  c o r r e c t i o n  of t h e  equinox i n  t h e  equat ions 
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t 
f o r  cy i s  poorly separated only  from dM0 and dMo. B. V. Numerov a r r i v e d  a t  

such a conclusion because t h e  f i n a l  equat ions used i n  [171 f o r  t h e  theore t 

ica l  a n a l y s i s  w e r e  approximate, s i n c e  a series of  terms w e r e  discarded as 

s m a l l  terms of t h e  second order .  A l l  terms wi th  t h e  m u l t i p l i e r  = s i n 2  i / 2  

‘in t h e  equat ions of  B.V. Numerov w e r e  dropped. Meanwhile, (J 0.09 f o r  t h e  

p l a n e t s  with l a r g e  o r b i t a l  i n c l i n a t i o n s  t o  t h e  e c l i p t i c  ( f o r  example, i = 3.5’). 
The c o r r e c t i o n s  t o  t h e  o r b i t a l  elements do, d i ,  dMo, dv, dw, dv are not  s t r i c t l y  

q u a n t i t i e s  of  t h e  first o r d e r ,  but  even exceed i n  a b s o l u t e  va lue  t h e  main un

knowns. A s  an example, t h e  v a l u e s  f o r  s i x  minor p l a n e t s  quoted from t h e  papers 

[20-231 are presented i n  Table 1. A s  i s  evident  from t h e  t a b l e ,  t h e  c o r r e c t i o n s  

TABLE 1 

Planet  A i  

Nemausa 2Il.53 oii.o8 0”.14 
Eros -0 -63 -0 -06 -0 .43 
Juno , o .46 -0 .20 -0 .34 
Pal  1as -1 .20 0 .05 0 .13 

C e r e s  1 .63 0 .%3 o .86 

V e s t a  -0 -83 0 .05 0 .07 

t o  t h e  elements can d i f f e r  s i g n i f i c a n t l y  from each o ther .  This  i n d i c a t e s  t h a t  

t h e  terms of  t h e  condi t iona l  equat ions m u l t i p l i e d  by o are of  var ious  o r d e r s  

of  magnitude. Therefore it is  impossible t o  s t a t e  t h a t  a l l  t h e  terms with u 
i n  t h e  equat ions of B.V. Numerov a r e  of t h e  second o r d e r  of  smallness  a s  i n  

[ l7].  Using t h e  d a t a  of Table  1, it i s  easy t o  e s t a b l i s h  t h a t  some terms 

w i t h  (5 are s u f f i c i e n t l y  l a r g e  and comparable wi th  t h e  q u a n t i t i e s  being de ter 

mined, and consequently it is necessary t o  keep them i n  t h e  f i n a l  equat ions f o r  

ana lys i s .  This  s i t u a t i o n  subsequently l e d  t o  t h e  incomplete conclusions drawn 

by B.V. Numerov. 

To s impl i fy  c a l c u l a t i o n s  based on t h e  Eq. (39)  w e  present  i n  Table 2 

necessary da ta ;  t h e  number of t h e  p lane t  is  i n d i c a t e d  i n  t h e  first column 

of Table 2. 
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. .~r -. - ._ _  . 

No. N a m e  of Plane t - .  
1 C e r e s  
2 Pa l  l a s  
3 Juno 
4 V e s t a  

Hebe2 Iris 
7 P a r t  henope
8 M e 1  poneme
9 L a e t  it i a  

10 Harmonia 
11 Eros 
12 	 Mercury

Venus:2 Mars 
15 J u p i t e r  
16 	 Saturn 

Uranus3 	 Neptune
P lu to88 	 P1anet  
.. . 

No. N a m e  of Plane t  
-. . _. 

1 C e r e s  
2 Pal  1as 

Juno2 	 V e s t  a 
Hebe 
Iris2 

7 P a r t  henope
8 Melrneme 

TABLE 2 

. .-

O. !S3  o.!Ic!: 
O.!l!lS 0.9s 1 
O.!X!9 0.9s:1 
0.9!)3 0.030 
0.9S(j O.97S 
0.99G 0.925 
0.997 0.935 
0.996 0.ni;s 
0.938 0.971 
0.'.197 0.020 
0 . ~ 8  0 . ~ 7 3  
0.996 0.882 
0.99s 0.912 
1.000 0.909 
1.000 0.919 
0.999 0.924 
1.000 0.916 
I .ono 0.1325 
0.96 I 0.m 
1.000 o.!)17 

- -
I w 

I_._ . i -. .q. 


.0. 193 -0.155 O.h% IiOYS S5P1 71.01 1.016 -0.Wl 
1.793 -u.2 I9 -1.737 173.5 1,5,'3.4 0.855 O.Oi;9 

-0.573 -0.05 1 0.603 2GU.2 170.7 166.7 0.9i'Ci ~ ! [ I : K )
0.042 -0.113 O.&7 I I9,l.l 10G.8 96.8 1.007 0.(J?O 

-0.168 -0.200 0.622 230.0 142.0 12.5.9 0.995 0 . X )
0.c45 0.C8S 0.80 1 350.0 257.7 263.5 I.GO4 -0.017 

-0.375 -0,064 0.870 215.1 126.5 121.0 1.002 0.038 
-0.5 13 -0. Ino 0.726 240.4 151.7 143.6 , 0.992 U.077 

9 L a e  i t i a  -0.575 -0.083 0.706 247.3 158.3 151.7 0.9s8 fJ.063 
10 Harmonia 0.095 -0.OIj9 0.905 1s4.0 95.8 s9.7 1.003 n.00-5 
11 Eros 0.76 1 0.121 0.948 34.5 299.4 31 1.G 1.007 O.(j89
12  Mercury 0.776 -0.072 0.959 136.8 49.5 42.5 1.000 -0.061
13 Venus 0.379 -0.052 0.924 166.0 77.5 72.8 1.002 -l).OI4
14 Mars 0.G49 -0.02 1 0.932 130.0 ' 49.6 47.7 1.000 -0.016 

Ju i t e r  -0.09G -0.021 0.914 1S9.0 99.6 97.7. 1.000 0.0C412 s a t u  rn  -0.257 -0.038 0.901 202.0 113.0 109.6 1.001 0.013 
U r  anus 0.296 4 . 012 0.920 163.0 73.3 72.2 1.OCO -0.Ci)i3 Neptune -0.55 1 -0.022 0.699 221.0 131.6 . 129.6 1.000 0.01G 

19 P lu to  0.355 -0.269 0.71 1 ic~s.8 114.9 91.0 1.036 n.ogs 
20 Plane t  0.917 0.000 0.917 90.0 0 0 1,000 0.:;00 
.. . __ .. . - ..~ ~ ~ _ _ _ _ ~ 
No. N a m e  of Plane t  

-I I( I I_ ? II . .  - .. . 

1 C e r e s  0.989 n.220 0.458 O.BG3 1.052 -2.028 771" i2'
2 Pal  1a s  0 . 9 3  0.Oi2 .-0.022 -G.SOI 5.593 -4022 769 310

Juno 

V e s t a  

0.933 0.0:30 0314 0:!33 -0.7,5:! S i 4  2 . ( i 

0.9G7 0.793 -2.35.5 97s :!I

Hebe 0.797 1.Gi5 -2.425 939 2:;s
Iris 0.9dl -0.61 I -2.333 963 i
Parthenope 0.97G 0.455 -2.10-4 92 i 15

z 
9 M e 1  oneme 0.S9.5 0.7S1 -1.7C9 1020 227

Laefji t ia 0.886 0.657 -1.402 770 "7 
10 Harmonia o m 4  o.osi! n . m  0.9'10 0.475 -2.310 IO:]!) 9i!)
11 Eros 1.03 I -0.2CI -0:lSG O.'J95 -0.798 1.456 201,; ITS 
12 Mercury I .034 0.I I5 O:?Oii 1.010 0::SO -1.375 14732 ?!I 
13 Venus 1 .ti05 0.069 0.433 O.I)09 0.352 -2. I50 5718 54 '.
14 Mars i.oon n.om o . 3 ~  1.005 0.1~1.: -1.65.1 1887 285 .-. --.- - --- -. 

15 J u p i t e r  0.99s 0.027 0 . m  0.998 0.142 -2.295 299 273 

16 Saturn 0.992 0.047 0.381 0.992 0.264 -2.219 120 *33S. 


Uranus 1.602 . .O .OlG 0.420 1.001 0.084 -2.182 42 9tiz3 Neptune 0.991 0.028 0.30G 0.992 0.156 -1.829 22 ?ti3 
19 P lu to  0.918 0.304 0.278 0.822 1.963 -2.431 14 113 
20 P lane t  1.000 0.000 0.000 1.000 0.000 0.000 3548 101 
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W e  move on now'to an a n a l y s i s  of condi t iona l  equat ions i n  6. 
2

With t h i s  a i m  w e  s e p a r a t e  out  t h e  terms (2p /rr ' )  cy1 and 447 i n  t h e  Eq. (36);  

o r  tg6 rr'A8, =a' f 0 
. 4' 0 4 7 .  

(48)  

By analogy wi th  t h e  equat ion f o r  CY a f t e r  corresponding trarisformations -/ 2 9  

A8,=a' + rr' 
2 (r2+-rf2) 

cos ( I  - I f )  + 
4r2r'26,,. &:if C I q  

. +- (r?+ r'Z) 3 cos2 ( I  - I')-j- (r2+r'Z)x-cos" ( I  -a)+ 
cos ( I  - I')+ ...1. 

As i n  t h e  preceding case, f o r  6, 

rr' 
=a);. 

Then Eq. (47) is w r i t t e n :  

AZO=(I); + r r' 
COS (I -,!') + 

+ 8r"r'%,, 
. 4r2r'260 cos2 (1 -I')+ 

(r?+r'2)s 
cos3 ( I  - I f )  +(ra+r'')S 

2rr'Z;+3 ( r2+r'2) 
cos([  - I t )  I , 

I 

And so t h e  unknown 40 i n  Eq. (50) i s  a funct ion of t h e  c o r r e c t i o n s  of t h e  

d e c l i n a t i o n s  and t h e  o r b i t a l  elements of t h e  p lane t  and t h e  e a r t h  dQ, d e ,  d i ,  

dMo, dv, dll, qf,$ 1 ,  dMA. Consequently, t h e  c o r r e c t i o n s  of t h e  zero point  

of  t h e  equator  obtained from t h e  equat ions where t h e  unknown e n t e r s  with a 

c o e f f i c i e n t  c l o s e  t o  u n i t y  and equal t o  it (as has been done u n t i l  now) are 

a l s o  a combination. of unknowns. 

One can use another  c r i t e r i o n  f o r  t h e  i n v e s t i g a t i o n  of t h e  c o n d i t i o n a l i t y  

of  systems of l i n e a r  equat ions  C311. 

It is known t h a t  i n  a system of l i n e a r  equat ions 

AX = f (51 
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a change i n  t h e  o r i g i n a l  da t a ,  i.e., t h e  matrix A and t h e  vec to r  f ,  l e a d s  
-1

t o  a change i n  t h e  s o l u t i o n  X = A f .  The fact  t h a t  s m a l l  r e l a t i v e  e r r o r s  
: , d

of  t h e  system's  matrix r e s u l t  i n  l a r g e  r e l a t i v e  e r r o r s  i n  t h e  so lu t ion  d i s 

t i n g u i s h e s  a poorly condi t ioned  system. If w e  take t h e  mean square of  i t s  

elements as t h e  norm of  t h e  matrix A 

f I I  n 

N ( A )  = 
1-1 1-1 

then  an i n e q u a l i t y  occurs  f o r  a c e r t a i n  q u a n t i t y  Q0 
Q , S N  ( A )

v'
N (A-1) Ql, (531 

where f n n 

i -1  
c 

1-1 
e; 

E ; n 11 ( 5 4 )
C C a:j 
i = 1  /-1 

The i n e q u a l i t y  (53) g ives  a b a s i s  f o r  t ak ing  t h e  q u a n t i t y  N(A)N(A-~)o r  

N = 1 N ( A )N ( A + ' ) .  
I I  (55) 

as a measure o f  t h e  poor c o n d i t i o n a l i t y  of  t h e  system. Such a number N is 

denoted as t h e  N-conditioning number o f  t h e  m a t r i x  A o r  t h e  system cor res 

ponding t o  it. Of course,  t h e  smaller t h e  number N is ,  t h e  b e t t e r  condi t ioned 

is t h e  system. The best-condi t ioned mat r ices ,  and correspondingly systems, 

are orthogonal matrices f o r  which t h e  N-conditioning number i s  equal t o  uni ty .  

Upon t h e  m u l t i p l i c a t i o n  of a l l  t h e  elements of  t h e  mat r ix  by one and t h e  same 

number, t h e  N-conditioning number does not  change, but  i f  one m u l t i p l i e s  one 

column o r  row of  t h e  mat r ix  by a very s m a l l  o r  very l a r g e  number, then t h e  N
':I

condi t ion ing  number increases .  Cer ta in  classes of  problems lead  t o  poorly 

condi t ioned systems. Since poor c o n d i t i o n a l i t y  o f  a system i s  one of t h e  

main reasons f o r  low accuracy of t h e  r e s u l t s  of a so lu t ion  o f  t h e  systems, 

then  i n  t h e  case of  poor c o n d i t i o n a l i t y  one r e s o r t s  t o  an equiva len t  t r a n s 

formation o f  such systems wi th  t h e  purpose of  ob ta in ing  b e t t e r  cond i t iona l i t y .  

W e  apply t h i s  c r i t e r i o n  t o  t h e  system of  Eq. (42). There i s  a common 

m u l t i p l i e r  l/rr' i n  m2, which i s  not  equal t o  zero. A f t e r  c ance l l a t ion  by 

l/rr' t h e  matrix of  t h e  system of  two equat ions  i s  w r i t t e n  as follows: 
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( 5 6 )  

p: COS?B, - 2 p:p; cos281 cosa6, 
-p: cos'6,-p; cos'6, p: cos'6,-p: cos2tj2= 

- p2 cos 6'- 2 p : p : c o s ~ t j , c o s ~ a ~  (57) 
p: c0s2a1-p: cos", p: cos2a1-p; COS= 6, . 

It is easy t o  see  t h a t  A'A -'= E. W e  f i n d  t h e  norms of t h e  matrices A and A'l: 

The va lue  of t h e  c o n d i t i o n a l i t y  of t h e  system of two equat ions  is 

If t h e  observa t jons  a r e  c a r r i e d  out simultaneously o r  almost simultaneously,  

then  N -+ m, s i n c e  
p f  cos%, -p: cos 6, +0. 

I f  one of t h e  observa t ions  i s  c a r r i e d  out near  (1 - 1 '  = O), and t h e  

o t h e r  f a r  from oppos i t ion  ( t  - 1 '  = 90") f o r  a wide range of d e c l i n a t i o n s ,  

then  N > 20. This denotes t h a t  t h e  unknowns cy and @,,a r e  u n c e r t a i n l y  sep

a r a t e d  out.  One should understand t h e  l a t t e r  t o  mean t h a t  if t h e  accuracy of 

t h e  observa t ions ,  f o r  example, is taken  equal t o  0?01, then  ~y and @21 are de te r 

mined with a c e r t a i n t y  of on ly  O y l .  In  p r a c t i c e  t h e  accuracy of t h e  observa

t i o n s  is lower by an o rde r  of magnitude; t h e r e f o r e  t h e  u n c e r t a i n t y  i n  t h e  de t e r 

mination of t h e  unknown cy amounts t o  approximately a second of a r c  o r ,  a t  any 

rate, seve ra l  t e n t h s  of a second. An  i nc rease  i n  t h e  number of observa t ions  of 

a given ob jec t  is not a b l e  t o  improve t h e  sepa ra t ion  of t h e  unknowns t o  t h e  

des i r ed  accuracy. 

Up t o  t h i s  p o i n t ,  w e  have been dea l ing  wi th  a system of equat ions  wi th  two un

knowns. I f  still  o t h e r  unknowns are included i n  t h e  equat ions  f o r  a o r  f o r  6 t h e  
0 0' 

condi t ions  of t h e i r  s epa ra t ion  are worsened. In  t h i s  case, one should expect s t i l l  

l a r g e r  e r r o r s  i n  t h e  determinat ion of t h e  zero p o i n t s  of t h e  catalogue. I n  o rde r  t o  

lessen t h e s e  e r r o r s ,  it is d e s i r a b l e  t o  inc rease  t h e  accuracy of t h e  observa t ions  i n  
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comparison with the existing accuracy, if only by an order of magnitude. Then 


and only then one can achieve the results now necessary in the determination of 


the systematic errors of a catalogue. However, an increase of the accuracy 


within the indicated limits is a difficult problem and evidently unsolvable with


in the immediate future. 


Thus, it follows from the preceding discussion, that observations of 

major and minor planets should give inconsistent values of the zero points. 

The discrepancy of the separate corrections of theequinoxand the equator ob

tained from observations of various planets is completely regular, since a 

solution of the systems of conditional equations for the right ascensions and 

declinations by any of the well-known methods is, because of the correlation 

of coefficients, a certain value which is taken as a or a'. But precisely 

this quantity, as follows from the equations obtained here, is still a function 

of the corrections to the orbital elements of the planet and the earth. The 

inclusion in the conditional equations of a 12% unknown a or a' along with 
the 11 unknown corrections to the orbital elements cannot be considered 

justified from the practical point of view, since it is impossible to deter

mine them reliably with the same certainty which is necessary for the creation 

of fundamental catalogues at the present time. All the advantages of minor 

planets associated with the convenience and increased accuracy of the obser

vations are lost because of the complicated relations in the conditional 

equations which it is necessary to solve in order to find the corrections of 

the equinox, the equator, and the periodic errors of the catalogues. 

We move on to the analysis of the copditions of separation of the un

knowns b, c in the equations for CL
0' 

and the unknowns b l ,  c1 in the equations for 

It is not difficult to see that the periodic systematic errors in b, c or b1 

60. 
and cI are theoretically not separable among themselves. Practically, one can 

consider b and c separable,.since, for example, c with a very small coefficient 

is combined with b in a term with cos 1 .  In rare cases (for certain orbits) 

b and c, bf and c1 are uncertainly determined. The conclusion about the sep

aration of periodic errors of a catalogue is valid only in the case when b 

and c, b1 and c1 are of the same order of magnitude. But if these errors 

are of different orders of magnitude or one is larger than the other by a 

considerable factor, it is not possible to determine them with certainty. 
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Thus, i f  t h e  per iodic  sys temat ic  e r r o r s  of t h e  ca ta logues  are represented  i n  

t h e  form ( l ) ,  then w e  f i n d  from t h e  s o l u t i o n  some combination of  t h e  unknowns 

b and c o r  b '  and c l .  If another  mathematical r e p r e s e n t a t i o n  of  t h e  p e r i o d i c  

e r r o r s  i s  introduced i n t o  t h e  analyzed condi t iona l  equat ions ,  t h e n  t h e  neces

s i t y  of i n v e s t i g a t i n g  t h e  c o n d i t i o n s  of t h e i r  s e p a r a t i o n  arises again.  There

f o r e ,  t h e  conclusions obta ined  here  about t h e  c a l c u l a t i o n  of  t h e  per iodic  

e r r o r s  of a catalogue are of a s p e c i a l  nature .  

It i s  a l s o  not d i f f i c u l t  t o  e s t a b l i s h  t h a t  t h e  p e r i o d i c  systematic  

e r r o r s  of t h e  catalogue are not  r e a d i l y  separa ted  with unknown c o r r e c t i o n s  

t o  t h e  o r b i t a l  elements. Actual ly ,  i n  Eqs. ( 3 7 )  and ( 3 8 )  t h e r e  are terms 

wi th  t h e  c o e f f i c i e n t s  s i n  1 ,  c o s  I ,  s i n  t ' ,  cos 1 ' ,  i . ed ,  wi th  almost t h e  

same as i n  t h e  c a s e  of  b,  c ,  b ' ,  and c l .  Applying t h e  methods discussed 

and t h e  mathematical c r i t e r i a ,  it is  easy t o  show t h a t  t h e  e r r o r s  of a cata- /32 

logue are not  r e a d i l y  separa ted  from t h e  c o r r e c t i o n s  t o  t h e  o r b i t a l  elements. 

W e  no te  t h a t  t h e  terms "poor c o n d i t i o n a l i t y  of t h e  system" and llpoor 

separa t ion  of t h e  unknowns" which a r e  appl ied here  should not  be understood 

i n  t h e  absolu te  sense of t h e s e  words. By "poor s e p a r a t i o n  of t h e  unknowns" 

i s  understood here  a c a s e  where t h e  e r r o r  of a physical  experiment is l a r g e  

f o r  ob ta in ing  r e s u l t s  of  t h e  necessary accuracy. This  i n d i c a t e s  i n  our  case, 

t h a t  upon t h e  observat ion of  p o s i t i o n s  of t h e  p l a n e t s  wi th  an accuracy 

of Ol'2 - O:'3 t h e  whole number of  seconds i n  t h e  c o r r e c t i o n s  of  t h e  equinox 

and t h e  equator  is r e l i a b l y  determined, but  t h e  t e n t h s  of  a second are un

c e r t a i n l y  determined. If t h e  accuracy of t h e  observa t ions  i s  increased by 

an o r d e r  of magnitude, then  based on t h e  major and minor p l a n e t s ,  one can 

o b t a i n  a c e r t a i n  t e n t h  of a second of arc i n  cy and c y 1 .  Thus, t h e  va lues  

of t h e  zero p o i n t s  are c a l c u l a t e d  with a c e r t a i n t y  of an o r d e r  of magnitude, 

or a t  l e a s t  a considerable  f a c t o r  worse than t h e  accuracy of  t h e  observa t ions  

themselves. I f  t h i s  sa t i s f ies  t h e  p r a c t i c a l  requirements,  then t h e  term 

"poor c o n d i t i o n a l i t y  of t h e  system" l o s e s  meaning. But t o  determine t h e  

coord ina tes  of stars t o  0201, f o r  example, p o s i t i o n s  of t h e  zero p o i n t s  are 

requi red  with no less r e l i a b i l i t y .  

Natural ly ,  t h e  ques t ion  arises whether it is impossible t o  determine 

from observat ions a combination of  t h e  c o r r e c t i o n s  o f  t h e  elements and t h e  

systematic  e r r o r s  of a ca ta logue;  then knowing t h e  c o r r e c t i o n s  t o  t h e  
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elements, one c a l c u l a t e s  t h e  e r r o r  of a ca ta logue  which i n t e r e s t s  u s  by pro

cess of  e l imina t ion .  A success fu l  so lu t ion  of t h e  problem i n  such an 

arrangement r e q u i r e s  obta in ing  @
0 

i n  a pure form, which causes  well-known 

d i f f i c u l t i e s .  Therefore ,  t h e  n e c e s s i t y  arises o f  s e l e c t i n g  a v a r i a t i o n  f o r  

which t h e  func t ion  o f  t h e  c o r r e c t i o n s  of  t h e  elements and t h e  e r r o r s  of  a 

ca ta logue  are determined wi th  c e r t a i n t y .  If w e  put 1 - 1 1  = 0' i n  t h e  

EQ. ( 3 7 ) ,  i .e. ,  i f  t h e  p l a n e t s  are observed only  a t  oppos i t ions ,  which 

fo l low one another  w i t h  r e spec t  t o  longi tude ,  then and a have p r a c t i c a l l y  con

s t a n t  c o e f f i c i e n t s  and t h e i r  sum is determined with c e r t a i n t y .  In  t h i s  case 

t h e  Eq. ( 3 7 )  are s impl i f i ed  so t h a t  t h e  number of @ becomes less  than t h ei 
number of elements of t h e  o r b i t s  of  t h e  e a r t h  and t h e  p l ane t ,  and it is not  

poss ib l e  t o  determine t h e  co r rec t ions  t o  each element. 

One should a l s o  no te  t h a t  t h e  presence i n  t h e  Eqs. ( 3 7 )  and (38) of a 

l a rge  number of  unknowns wi th  s i m i l a r  c o e f f i c i e n t s ,  p l aces  i n  doubt t h e  re

l i a b l e  determinat ion o f  t h e  co r rec t ions  t o  t h e  o r b i t a l  elements. 

For v i s u a l i z a t i o n ,  t h e  c o e f f i c i e n t s  f o r  t h e  corresponding co r rec t ions  of  

t h e  elements i n  @21- @47,  and t h a t  pa r t  of @ 9 - al2, G z 9 - m30' @33- m34 which 

does not  c l e a r l y  depend on t h e  t i m e  are presented i n  Tables  3 - 12. The cal

c u l a t i o n  of  t h e  ind ica t ed  func t ions  @ i permits  ob ta in ing  an idea  from t h e  

sys temat ic  e r r o r s  of t h e  ca ta logue  about those  q u a n t i t i e s  i n  t h e  condi t ion

a l  equat ions which a r e  c o r r e l a t e d  with t h e  fundamental unknowns a ,  b ,  c ,  a ' ,  

b ' ,  and c f .  A s  fol lows from Table 7 ,  t h e  t e r m s  i n  @ with  drr, d i ,  and de are21 
not  equal t o  zero f o r  a l l  t h e  major and 11 minor p lane ts .  Using t h e  da t a  of 

Table 1, w e  f i n d  t h a t  f o r  C e r e s  and P a l l a s  @,,i s  equal t o  1':30 a d  01.82, re

spec t ive ly .  Frequent ly ,  t h e s e  q u a n t i t i e s  e n t e r  i n t o  t h e  equinox co r rec t ion  

determined by e x i s t i n g  methods, and it i s  impossible t o  neglec t  them, s ince  

they  exceed a i n  absolu te  magnitude. For some f i c t i t i o u s  p lane t  wi th  i = Oo 

and fl = O o  (B.V. Numerov's c a s e ) ,  which i s  l i s t e d  i n  Table 7 as No. 20, 

@21 
= f ( d i 2 , d i ,  de)  = 0. This f i c t i t i o u s  case obviously permi ts  t h e  

determinat ion of  t h e  zero po in t s  of t h e  catalogue with t h e  necessary accuracy. 

P a r t i c u l a r  a t t e n t i o n  should be  paid t o  t h e  f a c t  t h a t  i n  Tables  7 and 12 
2 
r se rves  as a m u l t i p l i e r  f o r  d o ,  d i ,  and de. The grea te r  t h e  d i s t ance  of  

t h e  p lane t  from t h e  sun, i.e., t h e  smaller t h e  proper motion of t h e  p l ane t ,  

t h e  l a r g e r  are t h e  t e r m s  w i th  d f l , d i ,  and de i n  @ 21 and $47 
Thus, t h e  more 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 

T-ABLE 3 TABLE 4 -/33 

-.-_. . . . -. . .- . 

'No. I 

Planet 
.. ~ . 

-0.OS5 4.290. r ' t O . i S 0  
-0.504 2.773 .r'tO.529 
-n.s 1.: - 2.G29 .r l -0 .53S 
-;0.1s.: 1.247 *r '+0.366 
-n. 140 - 4.086 * rl-0.878 
-0.358 - 3.050 * rl--0.675 
f0.155 - 3.317. r'-O.G84 
-0.l.LO - 3.906. r1-0.S9R 
-0.02 - 5.021 -r1-0.919 
-0.005 - 4.137*r1-0.911
--n.zzi i ,383 .Y'i-0.499 
-0.072 - 0.170 .rl-0.929 
-0.004 0.850.r-I +D.5SS 
i0.05s - 2.500. rl-0.826 
-0.0-1s - 9.323. r ' -0 .S9S 
-0.4S9 - 0.01 1 .r l -O.GO1 
-0. lc59 34.508 . r 1 f0 .901  
-n. 135 -45.726 .r'-0.760+6.032 49.720 * rl-i-0.667 
-0.016 0.350 * I-' +0. I75 

Note: 1 .  In Tables 3-12 the 
numbers of the planets corre
spond t o  the numbers of the  
planets indicated i n  Table 2. 

2. 	 k = -0.350.
3 

TABLE 5 
(Dl1 =kid41 +k,d(p'+ k&(p ( p + r )  

~ ~- -
N o .  of 1 I i 
Planet I k,  J k2 i' k ,  

-

1 0. I78 
2 0.361)
3 -0.3% 
4 0.048 
7 -0.462 
G -0.389 
7 -0.180 
Y -0.47 I 
9 -0.::05 

10 -n.ow 
I 1  0.133 
I? -0.0 I4 
I3 O.GO3 
14 -0.1'8 
15 -0.228 
16 0.008 
17 0.815 
1s -0.200 
19 6.482 
20 0.003 

Note: k3 

1 

k2 

-

1.953 .rl i - O . : K  
4.4 I I .r l  +0.84I 
4.234 .Y'+0.85i 

- 4.242 .r'-O.905 
1.588 .r1+0.3-11 
2.856 .r l + O . C 3 2  

- 2.962 r l - O . G i  i 
1.390 .r ' i 0 . 3 1 8  
0.493. r '+0 .090 
[ , , ' 2  ,.,.. r - '  .-0.077 
2.2(l.3.r-1 +0.795 
O.GS5 * ri+O.bH3 
0.988 r'f0.683 

- 1.184 .rl-0.392 
2.084 .r ' i 0 . 2 0  I 

17.596-r1+O.R25 
6.524 . r '+0.170 

3I .582 * Y'+0.525 
-54.528 	 r'-0.732 

1,soo * r l+0 .900 

= -1.800. 

TABLE 6 

i ' k ,  
k z  - ____.__I

2.610 -0.787 
2.699 -1.669 
2.704 -1.685 
2.707 1.771 
2.69 I -0.575 
2.668 -1.3i4 
2.706 1.254 
2.705 -0.577 
2.707 -0. i 36 
2.708 -0.096 
2.627 -1.495 
2.71 1 -1.740 
2.708 -1.394 
2.705 O S O i  
2.705 4.352 
2.706 -1.849 
2.703 -0.350 
3.705 -1.03.: 
2.65 I 1.354 
2.700 -1.800 

of j 4 
F'lanet - -._.-. 

I -0.015 0.525 -1.544 0.002 
2 -0.016 0.505 -I .O% 0.003 
3 -0.016 0.553 1.138 0.003 
4 -0.015 0.527 -0.542 0.002 
5 -0.016 0.513 1.853 0.002 
!j -0.015 0.529 I .36I 0.004 
7 -0.015 0.530 1.392 0.002 
8 -0.016 0.535 1.889 0.002 
!I -0.016 0.532 1.9% O.Oir3 

10 -0.0!5 0.526 1.833 0.002 
1 1  -0.014 0.474 -0.933 O.GO4 
I2 -0.014 0.514 0.434 O.CO-" 
1 3  -0.Oi5 5.522 -1.170 0.002 
1 1  -0.015 0.520 1.64I 0.003 
13 -0.015 0.526 1.800 1 ;5 C.003 
16 -0.015 0.529 0.000 16 0.003 
17 -0.015 0.524 -I .800 17 0.003 
IS -0.015 0.530 -1.533 18 0.003 
19 -0.015 0.508 -1.404 19 0.001 
20 -0.015 0.525 -0.350 20 0.003 



TABLE 7 

1 
= -[(kldQ+k2de+ kadi+ k,da)r2+rr ’ 

+ k ~ d M ~ + k & M i+k,dn’] 
-. . _  -

No. of  I 
P lane t  k ,  

_.. I p k J  
1 0.161 0.010 0.381 13.197 1.778 
2 0.066 -0.236 0.048 14.629 1.919 
3 0.038 4.089 0.069 13.502 1.923 
4 0.110 -0.0 12 0.377 10.252 1.819 
5 0.162 -0.078 0.26 1 11.107 1.913 
6 -0.086 -0.007 -0.392 10.192 1.809 
7 0.06 1 4 . 0  17 0.324 11.137 1.829 
8 0.085 -0.062 0.200 9.917 1.893 
9 0.069 4.068 0.155 14.762 1.899 

10 : 0.068 -0.002 0.397 9.421 1.800 
~.~~~ 0.013 -0.330 3.560 1.708 

12 0.079 0.032 0.29 1 0.257 1.725 
13 0.052 0.007 0.386 0.951 1.784 
14 0.022 0.008 0.300 4.203 1.798 
15 0.021 -0.002 0.393 49.692 1.798 
16 0.037 -0.006 0.369 167.690 1BO7 
17 0.013 0.002 0.38 1 673.990 1.792 
18 0.022 .-0.008 0.301 1672.500 1.809 
19 0.254 -0.038 0.377 279 I .300 1.870 
2 0 0  0 0 1.834 1.834 

1 1  -0.133 

Note: k6 = k7 = 1.8337. 

d i s t a n t  t h e  ob jec t  s e l e c t e d  f o r  o r i e n t a t i o n  of t h e  systems of t h e  fundamental 

ca ta logues  is, t h e  less a c c u r a t e l y  t h e  zero po in t s  are determined. On t h e  

b a s i s  o f  what has  been s a i d ,  it i s  poss ib l e  t o  draw t h e  conclusion t h a t  t h e  

most s u i t a b l e  of a l l  t h e  major and minor p l ane t s  are Mercury and Venus. 

Therefore ,  observa t ions  o f  Mercury, and then Venus, should g ive  t h e  most con

s i s t e n t  va lues  f o r  t h e  equinox and equator  cor rec t ions .  It  i s  not  d i f f i c u l t  

t o  be  convinced o f  t h i s  i f  one compiles a summary of t h e  va lues  of  A A  ob

t a i n e d  a t  var ious  t i m e s  by d i f f e r e n t  i nves t iga to r s .  The advantage of using 

celest ia l  o b j e c t s  having l a r g e  proper  motions f o r  o r i e n t i n g  fundamental ca ta 

logues w a s  repea ted ly  pointed out  i n  t h e  papers [7-121. 

W e  no te  t h a t  t h e  c o r r e c t i o n s  of t h e  equator  always have t h e  bes t  agreement, 

s i n c e  a f te r  d iv id ing  t h e  Eq. (38) by c t n  6 
0’ 

w e  ob ta in  t h e  term 0
47 

t a n  6
0’ In 

view o f  t h e  fact t h a t  a l l  o f  t h e  p l a n e t s  are observed i n  t h e  near-equator ia l  

zone, t h i s  term i s  small, and consequently t h e  unknowns f o r  t h e  c o r r e c t i o n s  

of t h e  elements e n t e r  w i th  very s m a l l  c o e f f i c i e n t s  i n t o  t h e  combination 

f ( C Y t ,  a,d i ,  de, dMo, dcp, %, d i t ,  dM;), d(pt). 
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TABLE 8 


I -0,016 0.370 0.843 0.554 -1.832 0.820 0 6.26 I -t-0.016.r;l+ 0.168 -0.033 * Y'- 4.265 
2 -0.0 I6 0.518 -1.168 2.276 -2.030 0.205 0 1.534 +0.005 . -t 1.093 -0.052 .r-I- 2.873 
3 -0.0 16 0.540 0.494 0. I90 -0.385 0.599 0 4.1 18 +O.OCG'. r-I+ 1.164 0.041 * r 'f 2.832 
4 -0.U 16 0.446 0.775 0.391 -I .828 0.772 0 4.289 --O.OIO. r-I- 0.373 --0.134 .Y'- 1.274 
5 -0.0 16 0.4% 0.59 1 0.73 I -1.445 0.627 0 3.615 -0.0 I4 r-I -1- 0.263 0.046. r l i - 4.381 
6 -0.016 0.670 0.789 -9.307 J .834 0.782 0 4.331 i-0.04 I .r-I+ 0.724 0.061 r-I+ 3.OSG 
7 -0.016 0.505 0.749 0.224 -1.542 0.758 0 4.530 4 . 0 1 4  Y'- 0.317 0.075 r-I+ 3.384 
8 -0,016 0.493 0.618 0.358 -1.024 O.GGG 0 3.425 -0.006 .Y'+ 0.289 0.074 .r-I+ 4.133 
9 -0.0 16 0.512 0.594 0.299 -0.810 0.653 0 4.976 --0.004 r--l+ 0.013 0.077 4+ 5.32I 
IO -0.0 I 6 0.493 0.794 0.240 -1.843 0.792 0 4.068 -0.002 r- l i - 0.010 0.172-r-1+ 4.161 
I I  -0.0 I6 0.755 0.902 -0:447 1.474 0.874 0 1.812 $0.019 * Y'+ 0.492 -0. I68 r-I- I .308 
12 -0.016 0.466 0.879 0.262 -1,303 0.859 0 0. I26 -1-0.038.r-'+0.140 0.024 .Y'-I- 0. I 62 
13 -0.0 16 0.507 0.8 I2 0.181 -1.777 0.807 0 0.422 0 *r'+0.007 -0.026 .r-I- 0.849 
14 -0.0 16 0.547 0.8 17 0.075 -1.372 0.812 0 1.877 -0.007 * r - I - 0.I 15 0.1 13 .I-' + 2.490 
15 -0.016 0.546 0.793 0.07 I -1.617 0.794 0 21.463 i-0.002- r-I+ 0.098 9.405 r - I+ 9.377 
16 -0.0 16 0.528 0.780 0.131 -1.717 0.783 0 71.IGf +0.038 * Y'+ 0.985 0.I4Gr-1-1- 0 
17 -0.0 I6 0.560 0.80 1 0.042 -I .754 0.800 0 294.280 $0.018. r-I+ 0.318 -1.495. r-1-34.G@G 
18 -0.016 0.546 0.775 0.078 -1.339 0.780 0 705.040 1-0.009. Y'+ 0.272 1.937. r-J+462G 
19 -0.016 0.285 0.754 0.964 -1.958 0.715 0.01 1 1090.800 +0.508. r-'--12.429 -2.479. ,'-1-52.5[12 

20 -0.016 0.572 0.796 0, 0 0.796 0 0.796 -I- 0.00 I .r-l+ 0.032 -0.013. r . I - - - 0.351 



1 -0.003 2.445 -0.168 1.914 0.681 -0.001 0.143 1.093 -0.003 * ~ ' + 0 . 3 2 9  0.209 Y'+2.174 
2 -0.003 2.660 -0.944 -2.842 3.088 0 0.073 0.546 -0.013 .r'+O.709 0.0 19 .r'+4.429 
3 -0.003 2.656 -0.074 1.219 -1.170 -0.00 I 0.034 0.238 fO.0 I 1 .r-1-0.786 . 0.022 - r-'+4.195 
4 -0.003 2.509 -0. I30 1.806 --0.146 -0.00 I 0.098 0.542 -0.012 * r-'+O. I14 -0.1 13*r'-4.161 
5 -0.003 2.647 -0:273 1.447 -0.681 0 0.146 0.841 i-0.010. r-'-0.927 -0.068 * Y'+ 1.339 
6 -0.003 2.495 0.101 1.820 -0.086 -0.001 0.075 -0.117 +0.015 * r-'-0.750 0.170 r'+2.973 
7 -0.003 2.524 -0.076 1.760 -0.866 -0.001 0.053 0.317 +0.008 * r--'-0.352 -0.137 * I-'-3.048 
8 -0.003 2.616 -0.132 1.501 -1.147 0 0.075 0.384 f0.017 * r'-0,947 -0.026 Y' + 1.263 
9 -0.003 2.624 -0.1 12 1.446 -1.230 -0.00 1 0.06 I 0.462 $0.009 * r-'-O.GIO -0.040 Y' +0.372 
IO -0.003 2.483 -0.079 1.833 0.052 -0.00 I 0.060 0.306 +'0.008 * +-O. 189 -0.051 - r '+0 .217  
11 -0.003 2.354 0.124 1.972 1.339 0 -0.1 17 -0.242 -0.040 .r-' +0.307 0.089 * Y' +2.096 
12 -0.003 2.377 -0.075 1.944 1.454 0 0.068 0.010 +0,003 .r'-0.033 0.036 .Y' +0.630 
13 -0.003 2.461 -0.059 1.86I 0.660 0 0.045 0.024 -0 .r - I  +0.006 0.036 * Y' +1.012 
14 -0.003 2.454 -0.024 1.866 1.267 0 0.018 0.033 +0.011 .r-'-O.236 -0.070 * r-'- 1.215 
15 -0.003 2.481 -0.024 1.830 -0.233 -0.002 0.018 0.487 -0.020. r-'-0.459 0.040 * r'+ I .99 I 
16 -0.003 2.494 -0.043 1.809 -0.586 -0.004 0.033 2.984 +0.008 .r-'i0 O.G89+ + 17.636 
17 -0.003 2.473 -0.013 1.841 0.568 -0.013 0.01 1 4.105 -0.071 *r ' f1 .634  0.378 - I-' f6.730 
18 -0.003 2.497 -0.023 1.800 -1.137 -0.024 0.019 17.238 +0.0 17 .r~-0.404 0.994+ -1-3I.  IS7 
I9 -0.003 2.575 -0.33 I 1.808 0.110 -0.034 0.232 35-1.430 --0.652.r--' + 13.808 I .933~-'---17.255 
20 -0.003 2.476 0 1.834 1.83I 0 0 0 0 .r +O.OOC 0.075 .I--' .+-I .SOT 



. 

-- 

TABLE 11 

( I t ! ,  -R ,  M0+/r,dq-[ 1 .a34 (de-$-di'j 1 x 
r r 

-

No* Of I k ,  j It,Planet  

-0.093 4.678 * Y' f0.850 
-0.549 3.054. r1+0.577 
-0.3!13 -2.867 .r-'-0.576 

0.200 1.3GO .I-' +0.290 
-0. I53 -4:15G .r-'--O.<)W
--0.2!lIl -3.327. /-'--0,7:3G 

(I. I GS -3.618. r-l-O.T.lG 
-0.153 -4.450 .rr1-0.!li.1 
-0.0'4 -5.476 - r-I-1.002 
-0.003 -4.51 1 ./-l--0.!197. .  . ,  -0.27s 1.309 * r1+0.544 

' _  -0.079 -0.185 .rl--0.250 ..>., -0.004 0.227 * I-' +O.G4 I 
I .; 0.063 -2.726 * r-'-0.903. -
,,.I -0.053 -10.166 .r-'-0.979. -
I O  -0.533 -0.012 ' f -~-o.ool.- 

! I  -0. 173 37.632 * Y' j-O.9S3


-0.147 -49.SGG * r-'-0.8'79 
:I; 6.600 54.220 * Y' $.0.728 

20 -0.OJ 7 0.381 *r-'+0.191 

1 
2 
3 
4 

5 
(j
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
17 
18 
19 

20 

-0. I63 
-0.330 

0.354 
-0.044 

0.423 
0.357 
0.165 
0.432 
0.260 
0.087 

-0. I23 
0.013 

-0.003 
0.109 
0.209 

-0.008 
-0.747 

0.183 
-5.944 
-0.003 

I 

- _ _  

1.379 * r-'-0.252 0.00 I 
0.572 .r-l-O. 109 0.002 
1.229 r-'-0.247 0.00 I 
1.659 .r1+0.356 0.00 I 
0. I 04 .Y'--0.022 0.00 1 
1.387 * /-I-0 307 0.001 
1.333* f - I  +0.273 0.00 1 
0.276 r-I-O.OG3 0.00 1 
0.042 * f-' +0.008 0.002 
0.04 1 * f-' +O.OG9 0.031 
0.966 .r-'-0.349 0.001 
0.310;r'l- 0.418 0 
0.468 .r-,--0.321 0 

TABLE 12 

I II k4 1
~ 

I -0.OG5 0.199 0.372 -0.071 --1 -0.027 0.195 -0.188 -0.017 -
> -0.OlG -0.171 0.181 0.130 ,-

-0.043 0.017 0.337 -0.034 
3 -0.065 -0.054 0.200 0.IGI -
1,- 0.035 0.G18 0.35 I -

\ 

-0.024
-0.033 

-0.143 
-G. 172 

0.331 
0.243 -

9 -0.028 -0.189 0.231 0.103 
10 -0.027 0.038 0.360 0.041 
! I  0.053 0.335 0.418 -0.09-1 ~ -
12 -0.032 0.335 0.4 I 4 0.01 I -
!3 -0.02 I 0.137 0.374 -0.00 I -
i; 
ii 

-0.009 
-0.008 

0.263 
-0.038 

0.379 0.052 i-0.565 .r--I i 0 .  I87 
0.362 0.099 - 0.766. r-----0.071 

0.001 
0.004 

I6 -0.0 I5 -0.lOl 0.353 0.009 - 7.4GO .r-'--0.392 0.010 
I T  -0.006 0.1 I8 0.3G8 - 3.I38 .TI-0.082 0.029 
! h  
13 

-0.008 
-0.101 

-0.214 
0. I34 

0.35 I -12.631 .r-'-0.210 
0.268 1 1.753 - T'+0.158 

0.056 
0.088 

'0 0 0.365 0.365 -0.001 - 0.781 .TI-0.391 0 

42 



In conclusion w e  n o t e  t h e  following. To i n v e s t i g a t e  t h e  cond i t ions  

o f  s epa ra t ion  of  t h e  unknowns i n  t h e  equat ions,  weighted c o e f f i c i e n t s  are 

o f t en  used. This  method w a s  app l i ed  by G. Clemence i n  t h e  paper [ Z 9 ]  and 

does not  g ive  rise t o  o b j e c t i o n s  if a l l  t h e  unknowns which c h a r a c t e r i z e  t h e  

given process ,  are conta ined  i n  t h e  o r i g i n a l  equat ions.  If t h e r e  are system

a t ic  e r r o r s  i n  t h e  measurements, which are represented  i n  t h e  equat ions  by 

terms wi th  i d e n t i c a l  c o e f f i c i e n t s ,  then  upon a so lu t ion  it i s  poss ib l e  t o  

determine only  t h e i r  sum. If t h e  equat ion i s  w r i t t e n  so t h a t  on ly  one of  

t h e  two terms wi th  i d e n t i c a l  c o e f f i c i e n t s  i s  included and t h e  o t h e r  i s  absent  

f o r  t h e  reason t h a t  no th ing  i s  known about an e r r o r  o f  t h e  given type,  then  

upon s o l u t i o n  of t h e  system of t h e  cond i t iona l  equat ions t h e  t o t a l  s i z e  of  t h e  

two e f f e c t s  is found, and it i s  a t t r i b u t e d  t o  a s i n g l e  unknown. This  sum i s  

found wi th  a l a r g e  weight,  bu t  it does no t  correspond t o  t h e  physical  essence 

o f  t h e  phenomenon. To i n v e s t i g a t e  t h e  condi t ions  of  separa t ion  of  t h e  un

knowns of  t h e  c o r r e c t i o n s  of o r b i t a l  elements and t h e  systematic  e r r o r s  i n  t h e  -/38 

ca ta logue ,  t h e  o r i g i n a l  equat ions  w e r e  w r i t t e n  by G.  Clemence i n  such a form 

when it  w a s  d i f f i c u l t  t o  e s t a b l i s h  a c o r r e l a t i o n  between t h e  c o e f f i c i e n t s  of  

cy and cy' and p a r t  o f  t h e  c o r r e c t i o n s  t o  t h e  elements. A s  w a s  pointed ou t  

above, it e x i s t s .  Congequently, upon so lu t ion ,  it i s  poss ib l e  to f i n d  weighted 

c o e f f i c i e n t s  of  some more complicated func t ion  f ( 0 ,  d R , d i ,  ...) o r  f ( c y ' ,  d o ,  

d i ,  ...),  and not cy o r  cy'. The weighted c o e f f i c i e n t s  of  combinations of  cy, cy', 

and t h e  co r rec t ions  t o  t h e  elements are la rge ,  but  t h i s  does not  a t  a l l  

imply t h a t  t h e  equinox and equator  co r rec t ions  themselves are r e l i a b l y  

determined. 

Which o b j e c t s  of t h e  s o l a r  system s a t i s f y  t h e  cond i t ions  f o r  t h e  b e s t  

determinat ion of t h e  equinox and t h e  equator  co r rec t ions?  

On t h e  b a s i s  of  Eqs. (37) and (381, it i s  easy t o  conclude t h a t  f o r  t h e  

determinat ion of  t h e  zero p o i n t s  i t  is  necessary t o  select o r b i t s  wi th  a 

longi tude  of  t h e  node 0 = O o .  

To de r ive  t h e  equinox c o r r e c t i o n ,  c e l e s t i a l  o b j e c t s  which move s t r i c t l y  i n  

t h e  e c l i p t i c  are s u i t a b l e .  In  t h i s  case, t h e  equinox co r rec t ion  i s  found 

more r e l i a b l y  than  i n  o t h e r  cases. In  na tu re ,  not a s i n g l e  ob jec t  except 

t h e  sun moves i n  t h e  e c l i p t i c .  However, i n  t h e  l ist  of  t h e  known minor 

p l a n e t s  i t  i s  easy t o  f i n d  those  which have a very s m a l l  i n c l i n a t i o n  of  t h e  
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o r b i t  t o  t h e  e c l i p t i c  and an ascending node which almost co inc ides  wi th  t h e  po in t  

of t h e  verna l  o r  autumnal equinox. Ortud (1;2 = 8:4, i = OZ4) and Lindemannia 

( n= 299, i = 1:2) can se rve  as examples of  such p lane ts .  Unfortunately,  

t h e s e  minor p l ane t s  are no t  b r i g h t ,  so t h e i r  observa t ion  is more d i f f i c u l t .  

For s e l e c t i o n  of t h e  c o r r e c t i o n  o f  t h e  d e c l i n a t i o n s ,  t h e  b e s t  o b j e c t s  

t o  cons ider  are those  which are more i n  t h e  plane of t h e  celest ia l  equator.  

Among o b j e c t s  of  t h e  s o l a r  system, it i s  poss ib l e  t o  select some f a i n t  p l a n e t s  

w i th  i n c l i n a t i o n s  t o  t h e  e c l i p t i c  which are c l o s e  t o  and wi th  a descending 

node almost equal t o  zero: Eukrate ( a =  O P 4 ,  i = 25:1), Erminia (0 = 3z2,  

i = 25:1), Siva ( a =  1E0, i = 22:3), and Prisma ( a =  1:5, i = 23P8). 

The mean d a i l y  motion should be  considered t h e  main f a c t o r  i n  t h e  selec

t i o n  of  o b j e c t s  f o r  t h e  o r i e n t a t i o n  o f  systems of  catalogues.  The more r a p i d l y  

an ob jec t  i s  moving, t h e  more s u i t a b l e  i t  i s  f o r  e s t a b l i s h i n g  t h e  equinox poin t  

and t h e  equator.  

In  t h e  f u t u r e ,  it i s  necessary  t o  use  f o r  t h e  o r i e n t a t i o n  of t h e  zero  

p o i n t s  of  ca ta logues  a r t i f i c i a l  s a t e l l i t e s  o f  t h e  ea r th .  This  is p a r t i c u l a r l y  

s u i t a b l e  f o r  determining t h e  equator  c o r r e c t i o n s  A60' 
For  a 24-hour a r t i 

f i c i a l  s a t e l l i t e  which is placed i n  an o r b i t  which co inc ides  wi th  t h e  plane of  

t h e  equator ,  t h e  equat ions f o r  t h e  c a l c u l a t i o n  of  A 6
0 

are very  simple. A 

s t a t i o n a r y  sa te l l i t e  can be  observed wi th  t h e  he lp ,  f o r  example, o f  a zen i th  

tube  mounted a t  t h e  equator  o r  o t h e r  astronomical ins t ruments  s i t u a t e d  a t  

va r ious  l a t i t u d e s .  During 24 hours of  observa t ions ,  i t  i s  easy t o  cover h a l f  

an o r b i t ,  which i s  s u f f i c i e n t  f o r  a confident  s epa ra t ion  o f  t h e  unknowns i n  

t h e  equat ions  of  condi t ion.  Thus observa t ions  f o r  t h e  determinat ion of t h e  

zero po in t s  of  ca ta logues  would have succeeded i n  being shortened from a 

dura t ion  of  severa l  decades ( f o r  t h e  minor p l a n e t s )  t o  one o r  a f e w  months 

( f o r  a r t i f i c i a l  s a t e l l i t e s ) .  
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GENERAL ANALYSIS OF THE RESULTS OF LATITUDE OBSERVATIONS 
WITH A DANJON ASTROLABE AT POLTAVA DURING 1961.0 -1964.4 

1
A. A. Slavinskaya 

ABSTRACT: For processing observat ions with t h e  Danjon 
a s t r o l a b e  a t  Pol tava  during t h e  per iod of 1961.0 - 1964.4 
moments of  s tar  t r a n s i t i o n s  w e r e  c a l c u l a t e d  using FK3 
p o s i t i o n s ,  and 20".47 as t h e  cons tan t  of annual aber ra t ion .  
The c o r r e c t i o n s  t o  be appl ied  t o  l a t i t u d e s  f o r  t r a n s i t i o n  
t o  t h e  new a b e r r a t i o n  cons tan t ,  20II.496, a r e  given. 

To decrease t h e  sys temat ic  e r r o r s  l a t i t u d e s  w e r e  smoothed 
by t h e  chain method. The c los ing  e r r o r  proved t o  be 
01.137. The group c o r r e c t i o n s  a r e  given f o r  t r a n s i t i o n  
from t h e  FK3 system t o  t h e  FK4. 124 normal l a t i t u d e  
va lues  w e r e  smoothed by t h e  a n a l y t i c a l  method. 

The spectrum of e r r o r s  w a s  i n v e s t i g a t e d  by means of 
analyzing deviatkons of t h e  normal l a t i t u d e s  from t h e  
smoothed ones. The value SC O ~ l . O O O 1 1 0  w a s  taken as a 
spectrum c h a r a c t e r i s t i c .  The amplitude and phase of t h e  
annual z-term proved t o  be unstable .  

I t  w a s  found t h a t  t h e  l a t i t u d e  decreases from morning 
u n t i l  midnight and then  i n c r e a s e s  again. 

Observations with a Danjon a s t r o l a b e  w e r e  begun a t  Poltava i n  January of 

1961. S t a r s  from t h e  FK3.catalogue w e r e  used i n  making up  t h e  program of 

observat ions.  It i s  known t h a t  t h e  most s u i t a b l e  program which provides 

e q u a l i t y  of t h e  weights f o r  t h e  t i m e  and l a t i t u d e  c o r r e c t i o n s  i s  t h a t  which 

is achieved by f u l f i l l i n g  t h e  condi t ion  [l] 

[cos2 A]i=[sin2 A] Cos2 p. 

A t  t h e  t i m e  t h e  program of observa t ions  w a s  being made up, t h e r e  w e r e  no 

a c c u r a t e  c locks  a t  t h e  observatory and t h e r e f o r e  t h e r e  was no sense c a l c u l a t i n g  

t h e  t i m e  c o r r e c t i o n s  from t h e  r e s u l t s  of t h e  observat ions.  In connection with /40-
t h i s ,  s tars w e r e  chosen i n  making up t h e  program so a s  t o  provide t h e  l a r g e s t  

p o s s i b l e  weight f o r  determining t h e  l a t i t u d e .  

The program of observa t ions  c o n s i s t s  of s i x  two-hour groups. It was 

1. Pol tava Gravimetric Observatory, Ukrainian SSR Academy of Sciences.  
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compiled i n  such a way as t o  have t h e  p o s s i b i l i t y  of  observing two groups 

a n i g h t  i n  t h e  course of  a yea r ,  which i s  p a r t i c u l a r l y  important i n  t h e  f a l l  

and w i n t e r  f o r  providing s u r e  connect ions between t h e  groups [2].. 

I n  a l l ,  during t h e  pe r iod  1961.0-1964.4, 666 ins t an taneous  l a t i t u d e s  w e r e  

derived. Each o f  t h e s e  w a s  c a l c u l a t e d  from t h e  o b s e r v a t i o n s  of  a two-hour 

group, i.e., i n  a l l ,  11,322 s tar  t r a n s i t s  w e r e  observed. The main p a r t  of 

t h e s e  c a l c u l a t i o n s  w a s  c a r r i e d  out  on t h e  I1Promin1" computer o f  t h e  I n s t i t u t e  

o f  Geophysics of  t h e  Ukrainian SSR Academy of  Sciences.  

To e l i m i n a t e  t h e  effect o f  t h e  behavior  of  t h e  recording chronograph on 

t h e  s ta r  observat ion t i m e s ,  it w a s  i n v e s t i g a t e d  by a comparison o f  t h e s e  

r ead ings  with t h e  readings of t h e  Observatory 's  q u a r t z  c l o c k s  which came i n t o  

u s e  during t h e  obse rva t ions  from December 1962. A f t e r  t h e  i n t r o d u c t i o n  of  

c o r r e c t i o n s  f o r  t h e  chronograph's behavior  on t h e  s ta r  obse rva t ion  t i m e s ,  a l l  

t h e  l a t i t u d e s  w e r e  r e c a l c u l a t e d .  

The 1961.0 - 1964.4 series w a s  processed wi th  va lues  of  t h e  r i g h t  

ascensions and d e c l i n a t i o n s  from t h e  FK3 catalogue and a cons t an t  of  

annual a b e r r a t i o n  of 20!"47. The c o r r e c t i o n s  t o  t h e  l a t i t u d e s  f o r  t h e  t r a n s i t i o n  

t o  t h e  new value,  201.496, f o r  t h e  cons t an t  of  a b e r r a t i o n  w e r e  c a l c u l a t e d  by 

t h e  method proposed by B. Gino [ 3 1 .  

Correct ion equat ions by groups: 

GrouD S Correct ion 
~~ 

I ,;ii -0311 sin (0- 90°jO".026 
11 I 3 -0.745 sill ((.) -21 l")O".O'.'(i 

111 ! 5  -0.805 sin ((-) -234") 0".026
1v i8 -0.829 sir. (0-270")0".@26
\' 3') -0.777 sin ((e) -317")0".026

\ ' I  0 -0.696 sin (0 -341")0".026 

( H e r e  S i s  s i d e r e a l  t i m e  and 0 i s  t h e  long i tude  of  t h e  sun).  

In  o r d e r  t o  decrease t h e  systematic  e r r o r s  i n  t h e  l a t i t u d e s ,  w e  smoothed 

t h e  l a t i t u d e s  obtained. 

I n i t i a l l y ,  t h e  mean va lues  w e r e  c a l c u l a t e d  f o r  each group i n d i v i d u a l l y  

f o r  t h e  complete series of  obse rva t ions  of  t h e  d e v i a t i o n s  of  t h e  p o s i t i o n  l i n e s  

o f  each star from t h e  c i r c l e  of  a l t i t u d e s .  Then t h e  mean va lues  of t h e  devia

t i o n s  of  t h e  p o s i t i o n  l i n e s  pi w e r e  en t e red  with t h e  s i g n  reversed i n t o  t h e  
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free terms of  the equa t ions  

x sin A +y cos A--dz+ijhLo 

o r  (which is one and t h e  same) c o r r e c t i o n s  o f  t h e  fol lowing type  w e r e  i n t r o 

duced i n t o  t h e  l a t i t u d e s :  

By t h i s  ope ra t ion ,  which w e  ca l l  r educ t ion  t o  t h e  c e n t e r  o f  t h e  group, a 

decrease i s  achieved i n  t h e  sys t ema t i c  e r r o r  a r i s i n g  because o f  gaps i n  t h e  

stars, i.e., complete and incomplete series of  obse rva t ions  are a c t u a l l y  re

duced t o  a s i n g l e  system. 

In o r d e r  t o  accomplish t h e  r educ t ion  of t h e  l a t i t u d e s  t o  t h e  c e n t e r  of 

t h e  system of  a l l  t h e  groups, w e  determine ' the c l o s u r e  e r r o r  t o  be 0!1137. 
Considering t h e  fact t h a t  a l l  t h e  groups t a k e  p a r t  i n  an equal way i n  gener

a t i n g  t h e  c l o s u r e  e r r o r ,  w e  d i s t r i b u t e d  it uniformly ove r  t h e  remainder of  

t h e  groups. 

The va lues  of  t h e  l a t i t u d e  c o r r e c t i o n s  by group af ter  reduct ion t o  t h e  

c e n t e r  of  t h e  system o f  t h e  series o f . o b s e r v a t i o n s  w i t h  t h e  a s t r o l a b e  i n  

1961.0 - 1964.4 are as fol lows:  

Group Cor rec t ion  6(p Group Correct ion ficp 

I +O'" 
I 1  -- 0".02 

111 - --(Y.03 

IV -0".08 
\I -O".O I 

\; I +0".05 

A s  long as t h e  i n s t a n t s  o f  t r a n s i t  of t h e  stars w e r e  obtained on t h e  

b a s i s  of p o s i t i o n s  from t h e  FK3 ca ta logue  and it w a s  necessa ry  f o r  us t o  ob

t a i n  t h e  l a t i t u d e s  a l s o  i n  t h e  system o f  coord ina te s  i n  t h e  FK4 catalogue,  

w e  decided t o  proceed i n  t h e  fol lowing way. In  o r d e r  t o  c a l c u l a t e  t h e  cor

r e c t i o n s  t o  t h e  l a t i t u d e s  f o r  t h e  t r a n s i t i o n  from t h e  F K 3  system t o  t h e  FK4 

system f o r  t h e  q u a n t i t y  ~ h ,which i s  t h e  d i f f e r e n c e  i n  z e n i t h  d i s t a n c e s  i n  

t h e  sense of  "observed minus c a l c u l a t e d ,  one should add t h e  c o r r e c t i o n :  

d(6hi )=-15 sin A COS rpAdi+cos g Atii. 
The cons t an t  c o r r e c t i o n  f o r  t h e  e n t i r e  assembly o f  stars i n  quest ion 

which formed t h e  group is found from t h e  equat ion:  

Ed (Mi) cos A i  .dcp' = - - .I_--

E cos?A i  
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The va lues  of  t h e  l a t i t u d e  c o r r e c t i o n s  by groups o f  o u r  program are as 

f 011ows: 

Group Cor rec t ion  dCpl Group Cor rec t ion  dQ1 
I --0".04 1V +(y'.o2


I I  -0". 10 V +0".03 

111 -0".08 VI +V.08 
. .. 

W e  i n t roduce  t h e s e  c o r r e c t i o n s  i n t o  . the l a t i t u d e s  a f t e r  c a r r y i n g  out  t h e  

o p e r a t i o n  of  r educ t ion  t o  t h e  g roup ' s  cen te r .  W e  aga in  determine t h e  c l o s u r e  

e r r o r  - 0'.'129. Having d i s t r i b u t e d  t h e  c l o s u r e  e r r o r  uniformly over  t h e  re

mainder of  t h e  groups, w e  f i n d  t h e  va lues  of t h e  c o r r e c t i o n s  of  t h e  mean group 

l a t i t u d e s  r e l a t i v e  t o  t h e  c e n t e r  of  t h e  system of a l l  l a t i t u d e s :  

Group Cor rec t ion  69' Group Correct ion 691 
I +0". I2 IV -0". 1 I 

I1 +0".07 V -0".06 
I11  +0".03 VI -0".05 

Consequently, i f  w e  want t o  t ransform t h e  system of t h e  FK3 catalogue t o  

t h e  FK4, it i s  s u f f i c i e n t  t o  in t roduce  i n t o  t h e  f i n a l  l a t i t u d e s  t h e  c o r r e c t i o n s  

6vr by groups: 

A f t e r  t h e  i n t r o d u c t i o n  of  t h e  ind ica t ed  c o r r e c t i o n s ,  t h e  normal va lues  of 

t h e  l a t i t u d e  w e r e  c a l c u l a t e d .  In a l l ,  124 normal va lues  of  t h e  l a t i t u d e  w e r e  

obtained f o r  each 10 days by two methods: 

1. Averaging t h e  l a t i t u d e s  i n  a 10-day i n t e r v a l ;  t o  each normal value of  

t h e  l a t i t u d e  u w a s  ass igned a weight which is p ropor t iona l  t o  t h e  number ofi 
observed in s t an taneous  l a t i t u d e s ,  assuming them t o  be of  equal  accuracy. The 

system of  weights which w a s  ass igned t o  t h e  normal p o i n t s  w a s  s e l e c t e d  i n  t h e  

fol lowing way. 

Number o f  l a t i t u d e s  Number of  l a t i t u d e s  
i n  a normal po in t  Weight Pi i n  a normal point  Weight Pi 

'1 - 3 1 10 - 1 2  4 
4 - 6  2 13 - 15 5 
7 - 9  3 16 - 18 6 

2. Actual ly ,  t h e  in s t an taneous  l a t i t u d e s  are no t  e q u a l l y  accurate .  A 

measure of  t h e  accuracy of  i n d i v i d u a l  instantaneous l a t i t u d e s  are t h e i r  mean 

square e r r o r s  0, which are c a l c u l a t e d  from i n t e r n a l  agreement of  t h e  d i f f e r - -/42 

ences "observed z e n i t h  d i s t a n c e s  minus c a l c u l a t e d "  f o r  each series,  i.e., on 

t h e  b a s i s  of  t h e  i n t e r n a l  agreement of t h e  r e s u l t s  i n  t h e  series. Therefore,  

t h e  second system of normal p o i n t s  w a s  obtained as t h e  average weight of t h e  
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observed l a t i t u d e s  wi th  a weight equal  t o  t h e  t o t a l  of t h e  weights  of t h e  

l a t i t u d e s  which e n t e r  i n t o  a normal poin t .  The weight of an ins t an taneous  

l a t i t u d e  w a s  t aken  t o  be  i n v e r s e l y  p ropor t iona l  t o  t h e  squa re  o f  t h e  mean 

squa re  e r r o r  of t h e  ob ta ined  va lue  o f  t h e  l a t i t u d e .  (For example, f o r  4 = 

0!09, t h e  weight Pi = 1/10a2 = 12) .  

I n  cases where t h e r e  w a s  no t  a s i n g l e  obse rva t ion  i n  a 10-day i n t e r v a l ,  

t h e  va lue  taken  from t h e  p re l imina ry  cu rve  of l a t i t u d e  v a r i a t i o n s  obta ined  

g r a p h i c a l l y  by smoothing w a s  assumed t o  be  t h e  normal v a l u e  of t h e  l a t i t u d e ,  

and a minimum weight w a s  a s s igned  t o  it. 

In  o r d e r  t o  o b t a i n  t h e  most probable  curve  of l a t i t u d e  v a r i a t i o n s ,  w e  

used an a n a l y t i c a l  method, first app l i ed  by 1.1. Glagoleva f o r  reducing t h e  

r e s u l t s  of l a t i t u d e  o b s e r v a t i o n s  [41.  

The most probable  v a l u e s  u t  o f  t h e  observed u f o r  e q u a l l y  spaced v a l u e s  

of t h e  argument w e r e  ob ta ined  from a s o l u t i o n  o f  a system o f  n l i n e a r  e q u a t i o n s  

The smoothing w a s  c a r r i e d  ou t  by over lapping  series wi th  45 normal v a l u e s  

i n  each. The system of 45 equa t ions  o f  t h e  form (1) w a s  so lved  by t h e  method 

o f  con juga te  g r a d i e n t s .  Th i s  and t h e  subsequent c a l c u l a t i o n s  w e r e  

c a r r i e d  out on t h e  M - 2 0  computer of t h e  I n s t i t u t e  o f  Cyberne t ics  

o f  t h e  Ukrainian SSR Academy o f  Sc iences  by coworkers of t h e  Pol tava  Gravi

m e t r i c  Observatory,  S.N. Korb, E.I. Yevtushenko, and E.A. Slavinskaya. 

Three smoothed cu rves  o f  t h e  o s c i l l a t i o n  of P o l t a v a ' s  l a t i t u d e  are 

presented  i n  F igu re  1. 

Curve 1 w a s  ob ta ined  from a smoothing o f  t h e  normal l a t i t u d e  va lues  

found by averaging  t h e  l a t i t u d e s  i n  a 10-day i n t e r v a l .  The average  weight 

of t h e  normal v a l u e s  w a s  pi = 2.2, t h e  smoothing c o e f f i c i e n t  w a s  E0 = 0.1, 
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Figure  1. Curves of  t h e  o s c i l l a t i o n s  of  P o l t a v a ’ s  l a t i t u d e  
( t h e  diameters  of  t h e  c i rc les  are p ropor t iona l  t o  t h e  
weights of  t h e  normal p o i n t s  pi) .  

and then g p = 0.22.O i  

Curve 2 w a s  obtained from a smoothing of t h e  normal l a t i t u d e s  c a l c u l a t e d  

as t h e  mean weight of t h e  observed l a t i t u d e s  i n  a 10-day i n t e r v a l .  The mean 

pweight of  t h e  normal l a t i t u d e  v a l u e s  w a s  pi = 2.2, and g O i  = 0.22. 

Two curves of  t h e  o s c i l l a t i o n  of Po l t ava ’ s  l a t i t u d e  w e r e  obtained with 

t h e  same mean smoothing c o e f f i c i e n t  g O i  
= 0.22 o r  w i th  t h e  same m e a n  smoothingp 

weight i n  o r d e r  t h a t  t hey  could be compared t o  one ano the r ,  s i n c e  they  s a t i s f y  

with equal p r o b a b i l i t y  t h e  normal l a t i t u d e  values.  Comparing them t o  one an
o t h e r ,  w e  see t h a t  curve 2 d i f f e r s  i n  p a r t i c u l a r  s e c t i o n s  from curve 1 (see 

F igure  1). Curve 2 is probably more r e l i a b l e  than curve 1 because i n  ass ign

ing  t h e  weights of  t h e  normal p o i n t s  t h e  i n t e r n a l  agreement of t h e  r e s u l t s  o f  

obse rva t ions  of  i n d i v i d u a l  stars i n  t h e  series, i.e., t h e  c o n d i t i o n s  o f  t h e  

obse rva t ions ,  w a s  taken i n t o  account.  

Curve 3 w a s  obtained by smoothing t h e  normal l a t i t u d e s  which w e r e  cal- -/ 4 3  
c u l a t e d  as t h e  mean weights  o f  t h e  observed l a t i t u d e s  wi th  on ly  an average 

weight of  t h e  normal va lues  pi = 39.2, i.e., ‘Opi = 3.92.  

To estimate t h e  accuracy af t h e  cons t ruc t ion  of  t h e  l a t i t u d e  curve based 

on t h e  normal p o i n t s  and t h e  determinat ion of t h e  nonpolar l a t i t u d e  o s c i l 
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l a t i o n s  w e  used t h e  methods of i n v e s t i g a t i o n  of s p e c t r a l  s t r u c t u r e  of  random 

sequences, whose method o f  a p p l i c a t i o n  t o  an i n v e s t i g a t i o n  o f  a series of 

l a t i t u d e  obse rva t ions  w a s  worked ou t  by 1.1. Glagoleva and Ya.S. Yatskivo 

C5, 61. 

The s p e c t r a l  s t r u c t u r e  of  t h e  smoothed curve of l a t i t u d e  v a r i a t i o n  is 

determined from t h e  s p e c t r a l  p r o p e r t i e s  of  t h e  t r a n s f e r  func t ion  of  t h e  l i n e a r  

o p e r a t o r  used, whose frequency c h a r a c t e r i s t i c  i E t  

7a 

f (w) = R,+2 k c o s p ,  

P-1 
where 

f(cu) is a monotonically decreasing func t ion  of frequency and 

k 
P 

depends on t h e  smoothing c o e f f i c i e n t  
0' 

The frequency c h a r a c t e r i s t i c s  of t h e  smoothed cu rves  are presented i n  

F i g u r e  2 f o r  t h e  smoothing o p e r a t o r s  app l i ed  by us:  1 - f o r  eOpi = 0.22 and 2 -
f o r  EOpi = 4.00. The behavior of t h e  func t ion  If (011 2 

(1) shows t h a t  T = 

11.68 10-day i n t e r v a l s  f o r  a va lue  of t h e  q u a n t i t y  ( f ( d I  2 = 0.85. 

Because of  t h e  dependence 

harmonics w i t h  pe r iods  T 2 11.68 10-day i n t e r v a l s  are preserved i n  t h e  smoothed 

curve (1.2) w i th  t h e  s a m e  amplitude ( If ( cu )~  2 0.85) a t  t h e  s a m e  t i m e  as os

c i l l a t i o n s  w i t h  pe r iods  of  5.18 < T < 11.68 e n t e r  i n t o  i t  with s i g n i f i c a n t l y  

smaller s p e c t r a l  d e n s i t i e s  and t h e  high-frequency
J!~i'?V~ 

o s c i l l a t i o n s  with T < 5.18 10-day i n t e r v a l s  a r e  not 

contained a t  a l l  i n  t h e  smoothed curveaK-, Correspondingly, t h e  frequency c h a r a c t e r i s t i c  

of t h e  smoothed curve with a parameter copi = 3.92 

shows t h a t  i n  curve 3 t h e r e  are preserved o s c i l l a 

' '' " 32* - I d1-" '' K c  t i o n s  wi th  p r a c t i c a l l y  t h e  same amount of s p e c t r a l
5200 212570 L.07 it 00 

T ,  10-day i n t e r v a l s  
d e n s i t y  as  i n  t h e  o r i g i n a l  combination of normal 

F igu re  2. Frequency 
va lues  with pe r iods  T 2 6.83. O s c i l l a t i o n s  with 

c h a r a c t e r i s t i c s  of t h e  pe r iods  of 3.08 < T < 6.83 e n t e r  i n t o  it with s i g 
smoothed curves.  n i f i c a n t l y  s m a l l e r  amplitudes,  and harmonics with 
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T < 3.08 are not  contained i n  t h e  smoothed curve. 

To determine t h e  n a t u r e  o f  t h e  e r r o r s  of obse rva t ions ,  w e  analyzed t h e  

d i f f e r e n c e s  between t h e  normal l a t i t u d e  va lues  and t h o s e  taken from t h e  smoothed 

curve f o r  one and the  same epoch. 

It is known from t h e  t h e o r y  of  random sequences t h a t  t h e  va r i ance  o f  a 

random sequence i s  

D =  
I,f S ( ~ ) d w ,  

where 

0 = 2n/2At i s  t h e  maximum frequency, c a l l e d  t h e  Nyquist frequency, f o r  

t h e  sequence given by A t .  O s c i l l a t i o n s  with a h ighe r  frequency, i.e., with a 

per iod s h o r t e r  than 2 A t ,  cannot be determined from obse rva t ions  c a r r i e d  o u t  

during i n t e r v a l s  of  t i m e  A t ,  and t h e r e f o r e  i n  t h e  i n v e s t i g a t i o n  of  t h e  spectrum 

i t  is necessa ry  t o  assume t h a t  t h e y  do not con ta in  s i g n i f i c a n t  energy. I f  t h i s  

is no t  so, t hen  w e  do not  t a k e  D t o  be t h e  t o t a l  va r i ance ,  b u t  t h e  p a r t  of  it 

which arises i n  t h e  frequency range (-a, +Sa). 

W e  estimate t h e  effect of e r r o r s  of observat ion on t h e  curve of t h e  l a t i t u d e  

v a r i a t i o n .  W e  c a l c u l a t e  an estimate of t h e  s p e c t r a l  d e n s i t y  of  t h e  energy d i s 

t r i b u t i o n  of t h e  obse rva t ioga l  e r r o r s  from t h e  Tukey equat ion:  

m -1 

s, (ab)= m -
1 6,, R (.) i1-J- cos - c.os Oh., 

;-0 

where 

B ( T )  is t h e  c o r r e l a t i o n  func t ion  of t h e  dev ia t ions  of  t h e  normal l a t i t u d e  

va lues  from t h e  smoothed v a l u e s  corresponding t o  them and i s  w r i t t e n  as 

. n-: 

where 
t = 1, 2 , .  .., ti 

f o r  n 

54 




I 

(ATt are t h e  d i f f e r e n c e s  of  t h e  normal l a t i t u d e  v a l u e s  and t h e  smoothed ones 

f o r  corresponding epochs).  The l a s t  expression i s  t h e  mean var iance of the 

analyzed series. 

The p r o p e r t i e s  o f  t h e  aggregate  of d e v i a t i o n s  of  t h e  normal l a t i t u d e  d/45 
va lues  from t h e  smoothed ones depends not o n l y  on t h e  o r i g i n a l  sequence but 

a l s o  on t h e  type  of t h e  o p e r a t o r  with whose h e l p  t h e  smoothed curve w a s  ob

t a ined .  

The t r a n s f e r  f u n c t i o n  F ( w )  of  t h e  o p e r a t o r  1 - L o f  t h e  dev ia t ions  of t h e  

normal l a t i t u d e  va lues  from t h e  smoothed ones h a s  t h e  form: 

The s p e c t r a l  d e n s i t y  o f  t h e  d e v i a t i o n s  of t h e  normal l a t i t u d e  va lues  from t h e  

smoothed ones Sd(\)  is a s s o c i a t e d  with t h e  s p e c t r a l  d e n s i t y  of  t h e  e r r o r s  of 

t h e  normal l a t i t u d e  va lues  S ( W  ) by t h e  r e l a t i o n :
. k  
S,,(~,,,J= ~ ( ~ , , j s ( ~ , ~ , ~ ) .  

Then, knowing S d ( \ ) ,  we f i n d  t h e  s p e c t r a l  d e n s i t y  S(%) of t h e  e r r o r s  of t h e  
2

normal l a t i t u d e  values .  The lower l i m i t  f o r  a l e v e l  o f  t ransmission F (d = 

0.85 f o r  a smoothing c o e f f i c i e n t  60 = 0.1 and a mean weight of t h e  normal 

va lues  p. = 2.2 i s  equal t o  T # 7.12 10-day i n t e r v a l s .  Then t h e  range of 

f r equenc ie s  a c c e s s i b l e  t o  . i n v e s t i g a t i o n  is found w i t h i n  t h e  l i m i t s :  

wC ==0.00052~ 
W;' -0.00104n I f o r  t h e  cu rve  wi th  E p = 3.92,O i  

Wy =0.00029n 1
< I ) = '  = o . o o l o L k X  J 

f o r  t h e  curve wi th  eopi = 0.22 

o r  f o r  pe r iods ,  r e s p e c t i v e l y ,  of  2-7, 12  10-day i n t e r v a l s  f o r  t h e  cu rves  1 

and 2 and 2-4-07 10-day i n t e r v a l s  f o r  curve 3. 

The number of  smoothed l a t i t u d e  va lues  f o r  t h e  e n t i r e  series of obser

v a t i o n s  i s  equal t o  114. The va lues  of Sd(%) w e r e  c a l c u l a t e d  f o r  a s h i f t  of  

t h e  c o r r e l a t i o n  func t ion  T = 0, 1, 3 ,  ..., 56. 

Since d i s c r e t e  va lues  of t h e  estimate of  t h e  f u n c t i o n  S(Wk ) are obtained 

through a frequency i n t e r v a l  of  A U, = 0.00018, t h e  number of  d i s c r e t e  va lues  

of t h e  estimates o f  t h e  func t ion  S(W,> i n  t h e  i n t e r v a l  (wC, act)  i s  equal t o  

42. W e  t a k e  as a c h a r a c t e r i s t i c  of  t h e  spectrum t h e  q u a n t i t y :  
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Is =- y1 S(O k )  =0”.000110,
42 .u

k .-~1,; 

which r e p r e s e n t s  t h e  f r a c t i o n  of t h e  va r i ance  w h i c h  e n t e r s  i n t o  a u n i t  

frequency i n t e r v a l  A w . 
In  F igu re  3, t h e  s i z e s  o f  t h e  s p e c t r a l  d e n s i t y  o f  t h e  d e v i a t i o n s  o f  t h e  

normal l a t i t u d e  va lues  from t h e  smoothed Sd(%) i n  u n i t s  of 0.00001 are p l o t t e d  

along t h e  o r d i n a t e  a x i s ,  and t h e  harmonic numbers k are p l o t t e d  along t h e  ab

scissa. The curves 1-3 correspond t o  t h e  curves  1-3 of F i g u r e  1. The va lues  

$6 ( & I )  
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T, 10-day i n t e r v a l s  

F i g u r e  3. Deviations of  power 
spectra of the noma1  l a t i 
tude from the smoothed 
ones. 

of t h e  pe r iods  i n  u n i t s  o f  10-days corresponding 

t o  t h e  k numbers are p resen ted  on t h e  a u x i l i a r y  

absc i s sa .  

In o r d e r  t o  have t h e  p o s s i b i l i t y  of comparing 

t h e  estimate obtained by u s  f o r  t h e  accuracy of  

c o n s t r u c t i o n  of t h e  cu rve  of l a t i t u d e  o s c i l l a t i o n s  

from obse rva t ions  a t  P o l t a v a  wi th  t h e  Danjon as

t r o l a b e  with t h e  estimates presented i n  t h e  paper 

[7], i t  i s  necessary t o  t a k e  an i d e n t i c a l  fre

quency i n t e r v a l  i n  which t h e  estimates of  t h e  

f u n c t i o n  of s p e c t r a l  d e n s i t y  of  t h e  sequence of  

a c c i d e n t a l  e r r o r s  are determined. 

The system of  weights  which w e  a s s ign  t o  

t h e  normal p o i n t s  i s  equ iva len t  t o  t h e  system of 

weights  assumed i n  t h e  paper [8] ;  t h e  u n i t  of 

measurement of t h e  t i m e  i n t e r v a l  A t  i s  taken as 

0.25 hours. Then, s i n c e  t h e  success ive  in s t an 

taneous l a t i t u d e s  from t h e  a s t r o l a b e  observa

t i o n s  are obtained from a r educ t ion  of a s i n g l e  

&hour series, such a t i m e  i n t e r v a l  is equal t o  

8 u n i t  i n t e r v a l s  A t .  

The lower l i m i t  of t h e  frequency region i n  which t h e  spectrum of t h e  

a c c i d e n t a l  e r r o r s  is determined can be accu ra t e ly  combined wi th  those  ind ica t ed  

i n  t h e  paper [7]. Concerning t h e  upper l i m i t ,  it i s  not  p o s s i b l e  t o  do t h i s  

because t h e  averaging i n t e r v a l s  d i f f e r  from each o t h e r  ( i n  t h e  paper [71 
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weekly averages are taken, but 10-day averages are taken i n  our ca lcu la t ions) .  

Therefore, it is  possible  t o  make only an approximate comparison of t h e  

accuracy of construct ion of t h e  curve of l a t i t u d e  o s c i l l a t i o n s  based on t h e  

normal points  from t h e  r e s u l t s  of observations a t  Poltava with t h e  Danjon 

as t ro labe  with o ther  series of observations on var ious instruments, t he  char

acterist ic of whose accuracy is presented i n  t h e  paper C71. 

T 

Observations a t  Poltava 0.00052 n 0.00104 n 20-40.7 days 

D a t a  of t h e  paper C71 0.00052 n 0.00149 n 14-40.6 days 

Since t h e  lower l i m i t  of t he  frequencies w a s  sh i f t ed ,  t h e  number of dis

crete values of t h e  est imates  of t h e  function S ( w  k i n  t h e  frequency in t e rva l  

changes. Then 
57 

SC# '= 	- y s (lok) = 0".000116. 
30 

A t a b l e  of values of t h e  accuracy of construct ion of t h e  curve i n  the  

region c f o r  several  s e r i e s  of observations is quoted by u s  from the  paper [7]. 

Comparative c h a r a c t e r i s t i c s  of t h e  spectrum i n  t h e  frequency region from w 
C 

= 

0.00052 n t o  wc, = 0.00149 IT,with S given i n  u n i t s  of 0!000001, a r e  presented
C 

i n  Table 1. 

The d i f fe rences  i n  l a t i t u d e s  taken from t h e  smoothed curves and the  curve 

constructed from t h e  coordinates  of t h e  pole ca lcu la ted  from the  data  of t h e  

MBV*were taken a s  t h e  o r ig ina l  values f o r  t h e  ca l cu la t ion  of t he  a-term. We 

did not exclude va r i a t ions  of t h e  mean l a t i t u d e ,  s ince  t h e  s i z e  of such varia

t i o n s  did not exceed O!Ol. The value of t h e  mean l a t i t u d e  f o r  the  middle of 

t h e  in t e rva l  1961.0-1964.4 i s  equal t o  13!75. 

In a l l ,  62 values  of t he  z-term were obtained i n  0.05 year. Although 

peaks f o r  t h e  per iods 0.954, 1.127 and 0.954 year f o r  t h e  f i r s t ,  second, and 

t h i r d  curves, respec t ive ly  (Figure 4)  w e r e  detected by a more de ta i led  spec t r a l  

ana lys i s ,  we consider it more su i t ab le  t o  determine t h e  annual wave of t h e  

z-term f o r  t h e  t h r e e  curves (see Figure 11 ,  s ince  f o r  a b r i e f  s e r i e s  acci

dental  observational e r r o r s  could appear. The annual wave of t h e  z-term w a s  

found t o  be equal to :  
-~ - ._ -

*Interna t iona l  Time Bureau 

57 



1) 	ON.069COS ( 18"t -23") 
F S !  226, 

2) 	.0".058 cos (i8"f - 16") 
. 2 2 5  F25, 

3) 	0".064 cos (1 8bf - 19") 
k 29 &26 

(t is expressed i n  u n i t s  of 0.5 year). 

S t a t ion  I Instrument 

Pot sdam Astrolabe 


Paris Astrolabe 


Kazan 1 ZTL-180 zenith- t e lescope 


K i t a b  ~ ~ ~ - 1 8 0 
zenith-telescope 

I rkutsk I I1 11 1 1  

Poulkovo !
I 

i ZTF-135 zeni th- te lescope 

Polt ava Z e i s s  zenith-telescope 
I1  -1

I Bamberg zenith-telescope 

K i t a b  ! I1  I1  1 1  

Midzusava I
j 11 I1  I1  

I1 I Photographic zeni th  tube 

Tokyo 11 I1  1 1  

Richmond I1 I 1  11 

Washington I1  I 1  11 

O t t a w a  1 1  1 1  I 1  

Greenwich I1  I 1  11 

Midzusava F1oat i n g  zenith- te l  escope 

Dresden 

II 
T r a n s i t  i nstrumen t 

Po1tava Astrolabe 

Duration of t h e  
Observations I1 

sC 

1958.27-1960.24 88 

1957.70-1959.67 52 
1957.87-1959.84 253 
1957.78-1959.75 148 

1958 29-1959.77 95 
1957.62-1959.60 90 
1957.62-1959.60 221 

1957.62-1959.60 174 

1957.78-1959.75 160 

1957 12-1958.89 
1957.12-1958.89 

I
I 

159 
170 

1958.90-1960.88 58 
1958.09-1960.07 245 
1958.09-1960.07 138 
1958-09-1 960.07 177 
1957 83-1 959 -81 100 

1957.12-1958.89 102 
I 

1957-72-1959.69 161 
I

1961.00-1964.40 1 116 

The ca lcu la t ions  showed t h a t  t h e  ampli tude and phase of t h e  z-term w e r e  

unstable.  The expressions f o r  t h e  z-term w e r e  found t o  be almost i den t i ca l  

for t he  three curves, no twi ths t and ing  t h e  fact tha t  cu rves  1, 2,  and 3 (see 

F igure  4 )  w e r e  obtained w i t h  d i f f e r e n t  mean smoothing coe f f i c i en t s  EO i  (0.22p 

and 3.92, respect ively)  . To inves t iga t e  t h e  v a r i a t i o n s  of Pol tava 's  l a t i t u d e  
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Figure  4 .  Power s p e c t r a  of t h e  z-term. 

i n  t h e  cour se  of  a n i g h t ,  we 'divided t h e  e n t i r e  obse rva t iona l  m a t e r i a l  i n t o  

groups as a f u n c t i o n  of t h e  mean t i m e  of  t h e  observat ions.  The d i f f e r e n c e s  

i n  l a t i t u d e s  i n  t h e  sense ".observed l a t i t u d e  minus t h e  l a t i t u d e  taken from t h e  

curve cons t ruc t ed  from t h e  c o o r d i n a t e s  of t h e  pole" w e r e  found f o r  each group. 

Then, t h e  mean va lues  of  t h e  d i f f e r e n c e s  and t h e  average i n s t a n t s  of observa

t i o n s  w e r e  ob ta ined  i n  each group. A f t e r  c o r r e c t i n g  t h e  l a t i t u d e s  f o r  t h e  new 

value of  t h e  cons t an t  of  a b e r r a t i o n ,  t h e  c a l c u l a t i o n s  w e r e  c a r r i e d  ou t  by t h e  

same method. The n a t u r e  of t h e  curve changed l i t t l e  (F igu re  5, cu rves  2 and 3 ) .  

W e  a l s o  i n v e s t i g a t e d  t h e  l a t i t u d e  d i f f e r e n c e s  observed on one and t h e  s a m e  

n igh t  as a func t ion  of  t h e  mean t i m e  of t h e i r  observat ion.  The advantage of 

such a series of  i n v e s t i g a t i o n s  c o n s i s t s  i n  t h e  f a c t  t h a t  po la r  and nonpolar -/48  

v a r i a t i o n s  of long pe r iods  are e l imina ted  i n  t h e  l a t i t u d e  d i f f e r e n c e s ,  and only 

l a t i t u d e  v a r i a t i o n s  wi th  a d a i l y  per iod remain. Curve 1 i n  F i g u r e  5 shows t h e  

n a t u r e  of t h e  l a t i t u d e  v a r i a t i o n  i n  t h e  course of a n igh t  obtained from two 

ad jacen t  groups observed on t h e  same n igh t .  Since t h e  l a t i t u d e  d i f f e r e n c e s  

vary almost l i n e a r l y ,  it i s  p o s s i b l e  t o  assume t h a t  t h e  n a t u r e  of t h e  l a t i t u d e  

v a r i a t i o n  during a n igh t  can be  approximately represented by a curve c l o s e  t o  a 

parabola.' I n  conclusion,  t h e  au tho r  expres ses  s i n c e r e  g r a t i t u d e  t o  N .  I. 

Panchenko f o r  a series of d i s c u s s i o n s  and advice.  
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FREE DIURNAL NUTATION OF THE EARTH BASED ON 
OBSERVATIONS AT PULKOVO FRCM 1915 To 1928 

Y a .  S. Yatskiv1 

ABSTRACT: The a u t h o r  d i s c u s s e s  p o s s i b i l i t y  of s tudying free 
d i u r n a l  n u t a t i o n  of t h e  e a r t h  using customary l a t i t u d e  ob
se rva t ions .  H e  g i v e s  t h e  r e s u l t s  de r iv ing  t h e  parameters  
of  t h i s  n u t a t i o n  based on t h e  obse rva t ion  at Pulkovo f r o m  
1915 t o  1928. The per iod of  f r e e  d i u r n a l  n u t a t i o n  t h u s  
obtained is i n  a good agreement with a t h e o r e t i c a l  one 

h m
(23 56 54' s i d e r e a l  t ime) c a l c u l a t e d  by M.S. Molodensky f o r  
h i s  second model o f  t h e  e a r t h  c o n s t i t u t i o n .  

The e s s e n t i a l  changes o f  t h e  amplitude and phase of  t h e  
n u t a t i o n  are revealed.  The average value of  t h e  amplitude 
f o r  t h e  series of  obse rva t ions  under cons ide ra t ion  e q u a l s  t o  
O!OlO. 

I n  t h e  presence of a l i q u i d  oblat-e nucleus t h e  envelope of t h e  e a r t h  can 

have i n  a d d i t i o n  t o  t h e  Chandler motion of  t h e  pole ,  an a d d i t i o n a l  free n u t a t i o n  

with a per iod o f  around 24 hours. M.S. Molodenskiy obtained exact va lues  of t h e  

per iod of t h i s  n u t a t i o n  f o r  two models of  t h e  e a r t h  wi th  a l i q u i d  core.  In par
t i c u l a r ,  t h e  per iod of f r e e  n u t a t i o n  f o r  t h e  second model i s  equal t o  23h m s56 54 

of s i d e r e a l  t i m e  [l]. The determinat ion of t h e  parameter of t h e  free d i u r n a l  

n u t a t i o n  from obse rva t ions  is of  g r e a t  va lue  f o r  r e f i n i n g  t h e  model of t h e  

i n t e r i o r  s t r u c t u r e  of  t h e  e a r t h  [2 ,  31. Due t o  t h e  d i f f e r e n c e  of  t h e  n u t a t i o n  

per iod from a s i d e r e a l  day i t  is p o s s i b l e  t o  inc lude  f o r  t h i s  purpose observa

t i o n s  of  t h e  v a r i a b i l i t y  of  l a t i t u d e  as w a s  done i n  t h e  papers  [4-71. N.A. 

Popov obtained t h e  most r e l i a b l e  r e s u l t s .  However, t h e  d i s c r e p a n c i e s  between 

t h e  s e p a r a t e  determinat ions s t i m u l a t e s  new a t t empt s  of a n a l y s i s  of  t h e  material 

of t h e  astronomical obse rva t ions  f o r  an i n v e s t i g a t i o n  o f  t h e  f ree  d i u r n a l  nuta

t i o n  of t h e  e a r t h .  The method of such an a n a l y s i s  i s  d i f f e r e n t  f o r  d i f f e r e n t  

programs and methods of r educ t ion  of t h e  obse rva t ions  of l a t i t u d e .  For  obser

v a t i o n s  of b r i g h t  z e n i t h  stars, it i s  descr ibed i n  t h e  papers  o f  N.A. Popov. 

H e r e ,  w e  n o t e  on ly  t h a t  i n  t h i s  case i n  t h e  sequence o f ' l a t i t u d e s  obtained from 

t h e  obse rva t ions  of one and t h e  same star on va r ious  d a t e s ,  t h e  f r e e  d iu rna l  

n u t a t i o n  appears  i n  t h e  form of  an o s c i l l a t i o n  with a pe r iod  T1 = 463.52 

s i d e r e a l  days (s.d.), which i s  c l o s e  t o  t h e  Chandler per iod.  Therefore ,  i t  
.. - -~ 

-/49 

1 .  Main Astronomical Observatory,  Ukrainian SSR Academy of Sciences.  
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is necessary t o  exclude from t h e  r e s u l t s  of t h e  observat ions,  long-period 
r 

po la r  components. It is poss ib le  t o  do t h i s ,  t ak ing  t h e  d i f f e r e p c e s  of t h e  

l a t i t u d e s  obtained from t h e  observa t ions  of two o r  severa l  stars. Such d i f 

fe rences  conta in ,  i n  addi t ion  t o  t h e  n u t a t i o n a l ,  nonpolar v a r i a t i o n s  of t h e  

l a t i t u d e  which are caused by d iurna l  effects. Therefore,  f o r  example, i n  order  

t o  s e p a r a t e  t h e  annual nonpolar and n u t a t i o n a l  waves it is necessary t o  have a 

series of observa t ions  with a dura t ion  of not  less  than 

where 

T1 and T
2 

are t h e  per iods of t h e  n u t a t i o n a l  and annual waves. 

W e  assume now t h a t  t h e  observa t ions  are c a r r i e d  out  each n ight  a t  one and 

t h e  same i n s t a n t  of mean t i m e .  Then, i n  t h e  sequence of l a t i t u d e s  obtained on 

var ious  d a t e s  t h e  f r e e  d iurna l  n u t a t i o n  appears  i n  t h e  form of an o s c i l l a t i o n  

with a per iod T0 = 204.03 mean days (m.d.1. Actually,  t h e  period of n u t a t i o n  
h m sf o r  t h e  second model of M.S. Molodenskiy i s  equal t o  23 52 58.6 of mean t i m e .  -/50 

From here  w e  f i n d  t h a t  t h e  v e l o c i t y  of  a wave i n  mean days is % = 361’176443 
t o  which t h e  per iod To corresponds. Such an o s c i l l a t i o n  is loca ted  f a r  from 

t h e  fundamental p e r i o d i c  components of motion of t h e  pole and can be de tec ted  

i n  t h e  spectrum of t h e  l a t i t u d e  v a r i a t i o n s .  There is  a l s o  contained i n  the  

l a t i t u d e  d i f f e r e n c e s  obtained from evening and morning observat ions,  a nuta

t i o n a l  wave: 

---2a0 sin (-2- t e  fm +p) , re- tm coo) sin (Two 

where 

a0 i s  t h e  amplitude of t h e  free n u t a t i o n ;  

te, tm are t h e  mean i n s t a n t s  of t h e  evening and morning observa t ions  

expressed i n  days; 

$ 	 is t h e  i n i t i a l  phase r e f e r r e d  t o  t h e  mean midnight of t h e  i n i t i a l  

epoch of t h e  observat ions.  
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Thus, i f  t h e  obse rva t ions  of l a t i t u d e  are c a r r i e d  o u t  by t h e  usua l  

programs ( i n t e r n a t i o n a l  t y p e )  o r  a t  cons t an t  i n s t a n t s  of mean t i m e ,  t hen  t h e  

e r r o r s  i n  t h e  s ta r  p o s i t i o n s  are t h e  main o b s t a c l e  t o  t h e  de t e rmina t ion  of  t h e  

free d i u r n a l  nu ta t ion .  The provisionally-assumed system of d e c l i n a t i o n s  and 

proper  motions o f  t h e  stars is u s u a l l y  improved on t h e  b a s i s  of t h e  same l a t i t u d e  

observat ions.  Th i s  can l e a d  t o  a s i g n i f i c a n t  d i s t o r t i o n  of t h e  n u t a t i o n a l  wave 

which should be  t aken  i n t o  account,  proceeding t o  t h e  de t e rmina t ion  of  i t s  para

meters from t h e  usua l  l a t i t u d e  obse rva t ions .  

General Nature of  t h e  Pulkovo L a t i t u d e  Observat ions-
from 1915 t o  1928 

I t  fol lows from (1) t h a t  t h e  Pulkovo l a t i t u d e  obse rva t ions  c a r r i e d  ou t  i n  

a comprehensive program can prove t o  be  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  i n v e s t i 

ga t ion  of t h e  f r e e  d i u r n a l  nu ta t ion .  S e l e c t i n g  i n  an a p p r o p r i a t e  method va lues  

of t and tm,it i s  p o s s i b l e  t o  achieve a s i g n i f i c a n t  i n c r e a s e  i n  t h e  amplitude
e 

of t h e  n u t a t i o n a l  wave. 

A s  a r e s u l t  of t h e  combined r educ t ion  of f o u r  mixed series of Pulkovo ob

s e r v a t i o n s  from 1915 t o  1928, A.K. Korol'  der ived a new system of  d e c l i n a t i o n s  

and proper motions of  wide p a i r s  of  stars [SI. The l a t i t u d e  c o r r e c t i o n s  w e r e  

c a l c u l a t e d  s e p a r a t e l y  f o r  each series from t h e  equat ion 

where 
0 are t h e  observed l a t i t u d e s  of t h e  i - i h  p a i r ;

w j  

WO is t h e  average value of  t h e  l a t i t u d e  obtained from a l l  p a i r s ;  

Cd(pj 	are t h e  v a r i a t i o n s  i n  t h e  l a t i t u d e  of Pulkovo c a l c u l a t e d  from t h e  

coord ina te s  of  t h e  po le  o f  A.Ya. Orlov. 

A f t e r  de r iv ing  t h e  c o r r e c t i o n s  t o  t h e  va lue  of a r e v o l u t i o n  of  t h e  s c r e w  o f  t h e  

o c u l a r  micrometer t h e  c o r r e c t i o n s  of  t h e  d e c l i n a t i o n s  w e r e  found i n  t h e  second 

approximation and t h e  averages of f o u r  series of obse rva t ions  w e r e  taken 

f o r  each of them. Eq. (2) can be  w r i t t e n  i n  t h e  form 
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where 


z
j 

are the nonpolar latitude variations; 


hFi is the actual correction of the declination of the i-E pair. 


We estimate the contribution of the nonpolar latitude variations to each value, 

A6i. Since one pair in the comprehensive program is observed about every half-

year, then replacing the summation by an integration we obtain instead of ( 3 )  
I!.?: 

+ -

A;. == . ' 1-2 ( t )Cll+Si. 
' 0.5 

--0,?5 
( 3 ' )  

The frequency characteristic of such a linear transformation is 


where 


AT is the duration of the observations of a pair. 


Then we have for ( 3 ' )  
4 . 0)

f ,  (Lo) = - s i n  -. 
w 4 

It is evident from Figure 1 that the transformation ( 3 l )  is a low frequency 

filter - in A6i the contribution of oscillations with periods less than 0.5 year 

is very small. For an annual nonpolar wave f1 (2n) = 0.636. The free diurnal 

nutation appears in z .  in the case of observations of a single star in the form
J 

of an oscillation with a period of T1 = 463.52 s.d. For this oscillation 

C ~ J= i .,55z, (1.58.7) =0.7(j7. 

Thus, the nonpolar variation of latitude and the nutational wave enter into 

the sequence of corrections of the declinations found from a single annual 

cycle of the observations with amplitudes multiplied by f1 ( w ) .  We note that 

in contrast to the observations of a single star the free diurnal nutation in 

this sequence appears in the form of an oscillation with the form T
0 

= 204.03 m.d. 

The operation of averaging the declination corrections for all years of the 

observations can be obtained by a linear transformation (51, which is repeated 
v-1 times (v is the number of annual cycles): 
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F i g u r e  1. Frequency c h a r a c t e r 
i s t i c s  o f  t h e  t r ans fo rma t ions  
used i n  t h e  d e r i v a t i o n  of 
c o r r e c t i o n s  of  t h e  d e c l i n a t i o n s  
of l a t i t u d e  p a i r s .  

x ' ( t ) = - 27x (t - - 3+ 

+ x(L 4-f)]I 

where 

T i s  t h e  pe r iod ,  which is equal t o  one 

year.  

The frequency c h a r a c t e r i s t i c  o f  such a t r a n s 

formation i s  

For  t h e  annual nonpolar and n u t a t i o n a l  waves -/52 
w e  have correspondingly 

fz (2n)= 1, i2(3 .58~~)=0.059. 

Now, combining ( 4 )  and (61, w e  o b t a i n  t h e  

frequency c h a r a c t e r i s t i c  of t h e  transforma

t i o n  app l i ed  by A.K. Korol '  f o r  f i nd ing  t h e  

d e c l i n a t i o n  c o r r e c t i o n s :  

4 .  w w
(a) = -

111 
s i n  

4 
COSY-I ( 7 )I 

2 

The form of f (a)) i s  shown i n  F igu re  1, from which it is ev iden t  t h a t  i n  t h e  
192 

sequence of 86i 
an annual nonpolar wave with an amplitude m u l t i p l i e d  by f 

192
(2l"r)= 

= 0.636 is contained. W e  f i n d  f o r  t h e  m u l t i p l i e r  of t h e  amplitude of t h e  free 

d i u r n a l  nut a t  i on  : 

f i , 2  (w0)= f l  ( 1  . ~ S Z )f ;  (3.58;;) =0 045. 

Actual ly ,  t h e  va lues  of  f ( W )  and f '  (w0) can d i f f e r  somewhat from those  
172 192 

i n d i c a t e d  because of  nonuniformity i n  t h e  d i s t r i b u t i o n  and unequal du ra t ion  of 

t h e  obse rva t ions  of t h e  p a i r s .  It  i s  evident  t h a t  i n  t h e  d e c l i n a t i o n  correc

t i o n s  obtained by A.K. Korol'  t h e r e  i s  contained a c o n t r i b u t i o n  of  t h e  nonpolar 

v a r i a t i o n s ,  i f  t h e y  e x i s t  i n  t h e  Pulkovo l a t i t u d e  obse rva t ions .  Th i s  is con

firmed by t h e  disagreement of  t h e  d e c l i n a t i o n  systems of  A.K. Korol'  and A.D. 

Drozd 2 . An annual wave i s  found i n  t h e  d i f f e r e n c e s  A 6 K  - Ab, C81. 
--

2. A.D. Drozd used i n  h i s  d e r i v a t i o n  of  t h e  d e c l i n a t i o n  c o r r e c t i o n s  a 
prel iminary curve of  t h e  l a t i t u d e  v a r i a t i o n  found from t h e  r e s u l t s  of t h e  
observat ions.  
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OL'O21 COS (cy + 126O), 

10 k 27 

which, as is ev iden t  from F igure  2, i s  p resen t  i n  t h e  d e c l i n a t i o n  c o r r e c t i o n s  

de r ived  by A.K. Koro l f .  Otherwise t h e  power s p e c t r a  o f  t h e  d e c l i n a t i o n  co r rec 

t i o n s  are ve ry  s i m i l a r  t o  one another .  W e  n o t e  t h a t  t h e  equa t ion  [91 which w a s  / 5 3  
used h e r e  and i n  what fo l lows  f o r  an estimate o f  t h e  s p e c t r a l  d e n s i t y  is 

where 

B ( r )  is t h e  c o r r e l a t i o n  f u n c t i o n  c a l c u l a t e d  for  t h e  v a l u e s  0 < T S m; 

( k  = 0, 1, ..., m); 

'k 
= 1/2 f o r  k = 0 and k = m ,  yk = 1 f o r  t h e  remaining k. 

The d i u r n a l  n u t a t i o n a l  wave is almost not conta ined  i n  t h e  sequence of 

A 6  i values .  I t s  c o n t r i b u t i o n ,  assuming a0 = 0'.020, i s  less  t h a n  O!OOl. Con

sequen t ly ,  ana lyz ing  t h e  in s t an taneous  l a t i t u d e s ,  w e  can  f i n d  u n d i s t o r t e d  e s t i m 

ates o f  t h e  parameters  o f  t h e  free d i u r n a l  nu ta t ion .  The s m a l l  power of t h e  

s p e c t r a  o f  t h e  d e c l i n a t i o n  c o r r e c t i o n s  i n  t h e  reg ion  o f  a h a l f - y e a r  pe r iod  ev i 

d e n t l y  conf i rms  t h e  i n s i g n i f i c a n c e  of t h e  d e c l i n a t i o n  e r r o r s  o f  such a per iod
P 


and o f f e r s  t h e  p o s s i b i l i t y  o f  i n v e s t i g a t i n g  more r e l i a b l y  t h e  d i u r n a l  n u t a t i o n  

from t h e  h l k o v o  l a t i t u d e  obse rva t ions .  

F i g u r e  2. Power s p e c t r a  of t h e  d e c l i n a t i o n  c o r r e c t i o n s  de r ived  
by A.K. Korol'  (ASK) and A.D. Drozd (Ab,,). 
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SDectral  Analysis  o f  t h e  R e s u l t s  of  t h e  

(VersionL a t i t u d e  Observat ions . .  . .  _ .I) 

A.K. Korol 1 put at o u r  d i sposa l  unpublished in s t an taneous  l a t i t u d e s  c o r r e c t e d  

f o r  t h e  inaccuracy o f  t h e  accepted e s t ima ted  va lues  o f  a r e v o l u t i o n  o f  the s c r e w  

of t h e  o c u l a r  micrometer, d e c l i n a t i o n s ,  and proper  motions. W e  d i s t r i b u t e d  them 

according t o  hours  o f  mean t i m e  and s e l e c t e d  from t h e  two groups - an evening 

group and a morning group. I n  t h e  first ve r s ion ,  l a t i t u d e s  ob ta ined  from t h e  
h mstar t  of t h e  obse rva t ions  u n t i l  22 30 w e r e  included i n  t h e  evening group and 

h m
obse rva t ions  from 1 30 u n t i l  t h e  end of t h e  obse rva t ions  w e r e  included i n  t h e  

morning group. Then 10-day m e a n s  w e r e  found s e p a r a t e l y  f o r  each group from t h e  

in s t an taneous  l a t i t u d e s .  These means w e r e  smoothed by Whittaker's method [lo]. 
The frequency c h a r a c t e r i s t i c  o f  t h e  smoothing f i l t e r  w a s  s e l e c t e d  so t h a t  har

monics i n  t h e  range of  pe r iods  c l o s e  t o  t h e  n u t a t i o n a l ,  i.e., 204.03 m.d., w e r e  

no t  d i s t o r t e d .  Taking i n t o  account t h e  fact  t h a t  t h e  average weight of  t h e  nor

m a l  va lues  p is equal t o  5, w e  s e l e c t e d  E 0 = 0.1, e = E
0

p = 0.5 (Figure 3 ) .  The 

d i f f e r e n c e s  of  t h e  smoothed 10-day means of  t h e  l a t i t u d e  va lues  which w e r e  ob- -/54 
t a i n e d  from t h e  evening and morning groups served as t h e  i n i t i a l  material f o r  an 

i n v e s t i g a t i o n  of  t h e  f r e e  d i u r n a l  nu ta t ion .  In  a l l ,  t h e r e  w e r e  476 such d i f f e r 

ences. W e  denote them by @,and estimate t h e  v a r i a t i o n  i n  t h e  amplitude o f  t h e  

n u t a t i o n  wave i n  Acp I as a r e s u l t  of  t h e  formation o f :  

a )  t h e  m e a n s  s e p a r a t e l y  f o r  t h e  

evening and morning groups, 

b )  10-day normal va lues ,  

c )  t h e  d i f f e r e n c e s  between t h e  means 

of  t h e  evening and t h e  morning groups. 

The d u r a t i o n  of t h e  obse rva t ions  o f  

t h e  evening and t h e  morning groups is approx

mately equal t o  3 hours. Then t a k i n g  

wo 277, A T  0.125 m.d., w e  f i n d  from (4) 
~ ~ 

A- f (wo) NN 0.975. The t r ans fo rma t ion  (4) is 
T, years 049 025 0.15 012 O.fO a 

a l s o  used f o r  t h e  d e r i v a t i o n  of  t h e  normal 

A T  = 10,
F i g u r e  3. Frequency c h a r a c t e r i s t i c  

values .  H e r e ,  UI = 2 ~ ~ / 2 0 4 ,  

of t h e  smoothing f i l t e r  f o r  t h e  fg(w) = 0.998. I n  case ( c )  t h e  frequency 
va lues  7 = 0.5 and 7 = 0.45. 
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c h a r a c t e r i s t i c  of  t h e  f i l t e r  of t h e  d i f f e r e n c e s  is 
AT

f (w) = 2  sinw-
2 

. 
C 

S u b s t i t u t i n g  t h e  va lues  Wo = 361:76 and (AT/2) 0.125 m.d., w e  f i n d  f (u, ) = c o  
1.420. As a r e s u l t  o f  t h e  combined a c t i o n  of  t h e  t ransformations a ) ,  b ) ,  and c ) ,  

t h e  amplitude of t h e  n u t a t i o n a l  wave is increased  by M = 1.382 t i m e s .  

A f t e r  t h e  i n c l u s i o n  of  t h e  mean va lue  AT, M -0'.'036, w e  c a l c u l a t e d  t h e  

power spectrum of  t h e  d i f f e r e n c e s  with a maximum reso lv ing  c a p a b i l i t y  (Figure 

4 ) .  In  t h e  frequency region which i n t e r e s t s  us ,  a s m a l l  peak of s p e c t r a l  den

s i t y  is de tec ted ,  which it is poss ib le  t o  a s s i g n  t o  t h e  free d iurna l  nu ta t ion .  

W e  f i n d  an approximate estimate of t h e  amplitude of t h i s  nu ta t ion ,  having com

puted t h e  value of t h e  t o t a l  i n t e n s i t y  of t h e  peak 

k =  46 

and t h e  continuous spectrum 
. 60 

then 
a* =E,  - = 0.48 i n  u n i t s  of  (01.101

2 

i , 

I 

1 .  

' I  

Figure 4. Power spectrum of  t h e  l a t i t u d e  d i f f e r e n c e s  


AVI. I n  t h e  r i g h t  upper corner  t h e  peak of t h e  n u t a t i o n a l  


wave is shown separa te ly .  
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Taking i n t o  account M, w e  f i n d  t h e  true va lue  of  t h e  amplitude a0" O!1OO7. 

W e  now estimate t h e  s ize  of t h e  pe r iod  o f  t h e  free d i u r n a l  nu ta t ion .  With 

t h i s  goal ,  t h e  va lues  S ( k  + Ak) w e r e  found f o r  Ak = 0.1 ( s e e  F igu re  4). The 

maximum s p e c t r a l  d e n s i t y  occur s  a t  a va lue  T0 = (2m/k) = 204.117. To t h i s  va lue  
h m s

of  To corresponds a per iod of  free d i u r n a l  n u t a t i o n  of 23 52 58.8 of  m e a n  t i m e  
h m s  o r  23 56 54.2 o f  s i d e r e a l  t i m e ,  almost co inc id ing  wi th  t h e  va lue  found by M.S. 

Molodenskiy f o r  h i s  second model of t h e  e a r t h ' s  s t r u c t u r e .  

S p e c t r a l  Analysis  of t h e  R e s u l t s  of  L a t i t u d e  
Observat ions (Version 11) 

The m e a n  i n s t a n t s  of  t h e  evening and morning obse rva t ions  i n  t h e  first 

ve r s ion  do not remain cons t an t  i n  t h e  cour se  o f  a year  bu t  va ry  i n  accordance 

with t h e  v a r i a t i o n  i n  t h e  d u r a t i o n  of  n igh t .  For t h i s  reason t h e r e  should be 

p re sen t  i n  t h e  power spectrum of  A(P I i n  a d d i t i o n  t o  t h e  fundamental maximum os

c i l l a t i o n  a t  t h e  frequency UI supplementary o s c i l l a t i o n s  a t  f r equenc ie s  o f  w f 0. 

H e r e ,  Q i s  t h e  frequency of a modulating process  which d e s c r i b e s  t h e  v a r i a t i o n s  

of t h e  mean i n s t a n t s  of  t h e  obse rva t ions  of  t h e  evening and morning groups. For  

example, because of t h e  annual v a r i a t i o n  of t h e  d u r a t i o n  of n i g h t  t h e r e  appears  

an annual wave i n  t h e  d i f f e r e n c e s  A'pI i f  t h e  l a t i t u d e  v a r i e s  i n  t h e  cour se  of  a 

n igh t .  There should a l s o  be d e t e c t e d  i n  t h e  power spectrum o f  A(P I supplementary 

m a x i m a  o f  free d i u r n a l  n u t a t i o n  s i t u a t e d  a t  t h e  f r equenc ie s  

",,+'-)= 2;; 
0 , )  -9 = -27i 

130.9' 462.2 e 

It i s  easy t o  f i n d  t h e s e  p e c u l a r i t i e s  o f  t h e  spectrum i n  F i g u r e  4. 

To e l i m i n a t e  t h e  phenomenon descr ibed,  t h e r e  w e r e  included i n  t h e  evening 

group i n  t h e  second ve r s ion  on ly  those  obse rva t ions  which w e r e  c a r r i e d  ou t  from 
h m  t o  22 3 0  h m  h m

20 30 h m  , and i n  t h e  morning group - from 1 30 t o  3 30 . Maintaining-
t h e  previous system o f  weights,  w e  t o o k F  = c o o p =  0.3 f o r  t h e  smoothing of  t h e  

normal values.  The 90% confidence l e v e l  f o r  F ,  t a k i n g  i n t o  account t h e  f a c t  

t h a t  i n  t h e  formation of  t h e  smoothed va lue  around 10 unsmoothed normal va lues  

p a r t i c i p a t e ,  i s  equal t o  0.15 < G C 0.45. The frequency c h a r a c t e r i s t i c  of  t h e  

smoothing c a r r i e d  out  does not  d i s t o r t  t h e  n u t a t i o n a l  waves. 

I n  analogy with t h e  f i r s t  ve r s ion ,  w e  f i n d  v a r i a t i o n s  i n  t h e  amplitude of  

t h e  free d i u r n a l  n u t a t i o n  because of  t h e  averaging and t h e  formation of  

d i f f e r e n c e s  fa (Oo)  = 0.988, fb(w) 0.998, fc(@,)= 1.222; Mc1.207. 
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Figure 5. Power spectrum of  the  l a t i t u d e  d i f f erences  AT,,. 

19 -

R8 

-014 

0.8 

-04 m-blt 

010, 

Figure 6 .  Part of  the  power spectrum AT, i n  the  frequency 
region c l o s e  t o  the frequency of the  nutation f o r  various 
reso lv ing  powers. 
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A f t e r  t h e  i n c l u s i o n  of  a mean AT,, = -0!035 w e  c a l c u l a t e d  t h e  power spectrum 

of  t h e  d i f f e r e n c e s  ACQ,, which is shown i n  F igu re  5. Comparing t h i s  with t h e  

spectrum of  t h e ' d i f f e r e n c e s  AT,, i t  i s  easy  t o  n o t i c e  a decrease i n  s p e c t r a l  

d e n s i t y  a t  f r equenc ie s  of  21~/365.2, 2rr/130.9 and 2rr/462.2. However, i n  t h i s  

ve r s ion  t h e  peak of  t h e  n u t a t i o n a l  wave is not s epa ra t ed  with a maximum i n  spec

t r a l  d e n s i t y  which i s  s i g n i f i c a n t  i n  s i z e ,  which corresponds t o  a per iod of -/57 
194.3 m.d. and i s  b a r e l y  n o t i c e a b l e  i n  F i g u r e  4. In  t h i s  region of  f r equenc ie s ,  

ev iden t ly ,  t h e r e  are seve ra l  o s c i l l a t i o n s ,  s i n c e  otherwise t h e  har

monics with pe r iods  T
0 

= 204.0 and T = 194.3 m.d. i n  t h e  spectrum with maximum 

reso lv ing  power would be separated.  For  a more d e t a i l e d  i n v e s t i g a t i o n  of t h e s e  

o s c i l l a t i o n s ,  t h e  power s p e c t r a  I1 f o r  va r ious  r e so lv ing  powers w e r e  c a l c u l a t e d  

i.e., with a d i f f e r e n t  number of m o f  t h e  va lues  of t h e  c o r r e l a t i o n  func t ion  
P 

used (Figure 6 ) .  

L e t  t h e  va lues  of  S ( w )  of t h e  o s c i l l a t i o n s  which i n t e r e s t  u s  be  obtained 
P 

f o r  a c e r t a i n  value of m . Then, according t o  [ll],  one can w r i t e  i n  t h e  f i r s t  
P 

approxima t i o n  

where 
p =  1, 2 , . . . ,  q ,  

E i s  t h e  l e v e l  o f  t h e  continuous spectrum and 
C 

C ( W )  a r e  t h e  acc iden ta l  dev ia t ions .  

From Eq. (10) it  i s  p o s s i b l e  t o  determine s e p a r a t e l y  t h e  amplitude of  a har

monic and t h e  l e v e l  of t h e  continuous spectrum of t h e  e r r o r s .  

For t h e  o s c i l l a t i o n s  with pe r iods  T
0 

= 204.0 and T = 194.3 m.d. which 

i n t e r e s t  u s ,  us ing t h e  d a t a  presented i n  F i g u r e  6 and Eq. ( l o ) ,  we f i n d  
I 1  2 

a2 = 0, Ec = 0.34, a2 = 2.08, E = 0.27 i n  u n i t s  of (0.01) . The d i u r n a l
0 C 

n u t a t i o n a l  wave i s  not  de t ec t ed  by such a method. Consequently, i t s  energy 

does not exceed t h e  l e v e l  found f o r  t h e  continuous spectrum, whose s i g n i f i c a n t  

he igh t  is  e v i d e n t l y  caused by i n s t a b i l i t y  i n  t h e  amplitudes and phases of  t h e  

o s c i l l a t i o n s  i n  t h i s  frequency region. 

Natural ly ,  t h e  quest ion a r i s e s  about t h e  r e a l i t y  of t h e  o s c i l l a t i o n s  with 
h m s  

a period T = 194.3 m.d. ( t h e  corresponding d iu rna l  period i s  23 56 33 i n  
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Figure  7. 
d i f f e r e n c e s  

Running power spectrum of  t h e  l a t i t u d e .  

A % -

s i d e r e a l  t ime) .  The i n v e s t i g a t i o n  of  t h e  power s p e c t r a  of t h e  d i f f e r e n c e s  

A(p, and AT,, confirms t h e  dependence of  t h e  amplitude of  t h i s  o s c i l l a t i o n  on 

t h e  method of  processing t h e  obse rva t iona l  r e s u l t s .  W e  d i s c u s s  now t h e  running 

spectrum which c h a r a c t e r i z e s  t h e  v a r i a t i o n s  i n  t h e  spectrum of  t h e  d i f f e r e n c e s  

A'pII with an i n c r e a s e  i n  t h e  d u r a t i o n  of t h e  series of observat ions.  It  is  

evident  from F igure  7 t h a t  i n  processing obse rva t iona l  material f o r  1915.9 

t o  1919.2 t h e  - level  of  t h e  s p e c t r a l  d e n s i t y  i s  almost cons t an t  because of t h e  

i n s u f f i c i e n t  r e so lv ing  power of t h e  spectrum. Then two maxima are formed a t  

t h e  f r equenc ie s  of  t h e  fundamental o s c i l l a t i o n s .  The s i z e  of t h e  second max

imum i n c r e a s e s  a f t e r  t h e  a d d i t i o n  of  obse rva t ions  f o r  1926.7 t o  1928.9, which 

a l s o  confirms t h e  t r a n s i e n c y  of  t h e  o s c i l l a t i o n  with a per iod of 194.3 m.d. 

Thus, t h e  s p e c t r a l  a n a l y s i s  o f  t h e  d i f f e r e n c e s  Acp, and ACp,, i n d i c a t e s  t h e  

ex i s t ence  i n  t h e  frequency range of  i n t e r e s t  t o  u s  of  a t  least  two o s c i l l a t i o n s  

which have f l u c t u a t i o n s  i n  amplitude and phase. The l e v e l  of t h e  s p e c t r a l  den

s i t y  of t h e s e  f l u c t u a t i o n s  is comparable with t h e  peak of t h e  n u t a t i o n a l  wave. 

On t h e  b a s i s  o f  t h e  a n a l y s i s  of  t h e  obse rva t ions  of  a s i n g l e  l a t i t u d e  s t a t i o n  

i t  is d i f f i c u l t  t o  judge t h e  r e a l i t y  of  t h e  s p e c t r a l  v a r i a t i o n s  de t ec t ed  i n  

t h e  frequency region c l o s e  t o  t h e  frequency of  t h e  d iu rna l  nu ta t ion .  

be  an e f f e c t  o f  e r r o r s  i n  t h e  l a t i t u d e  observat ions.  

They may 
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Determination of t h e  Parameters of t h e  F r e e  Diurna l  Nuta t ion  

W e  o b t a i n  t h e  m o s t  a c c u r a t e  estimate of t h e  amplitude and phase of t h e  

free d i u r n a l  n u t a t i o n  from unsmoothed l a t i t u d e  d i f f e r e n c e s  de r ived  from t h e  

evening and morning obse rva t ions .  With t h e  a i m  o f  dec reas ing  t h e  volume o f  

c a l c u l a t i o n  w e  d iv ided  a l l  t h e  evening and morning o b s e r v a t i o n s  i n t o  two 2-hour 

groups whose mean o b s e r v a t i o n a l  t i m e s  are 

h h h h= 21.5, t2e = 19.5, tlm = 2-53 tam = 4.5-

The d i f f e r e n c e s  o f  t h e  mean v a l u e s  of t h e  cor responding  groups served  as t h e  

i n i t i a l  material f o r  t h e  subsequent a n a l y s i s .  I n  a l l ,  t h e r e  w e r e  511 d i f f e r e n c e s  

of t h e  first t y p e ,  AQ,, and 186 o f  t h e  second t y p e ,  A(?,,. W e  now p resen t  them 

i n  t h e  form 

Acp=z+s  sin cl)of tycos w o t + v ( f ) ,  (111 

where 

z, x = a c o s  B ,  = a s i n  B are unknown q u a n t i t i e s  and 

v ( t )  is a random func t ion .  

With t h i s  a i m ,  t a k i n g  f o r  t h e  i n i t i a l  epoch Oh o f  l o c a l  m e a n  t i m e  December 

1, 1915, t h e  phases w t  w e r e  c a l c u l a t e d  f o r  each va lue  of AT. Then a l l  t h e  d i f 
0 

f e r e n c e s  w e r e  grouped accord ing  t o  phase i n  30-degree zones and t h e  averages  

w e r e  found f o r  each zQne, t o  which weights  p ropor t iona l  t o  t h e  number of ob

s e r v a t i o n s  w e r e  ass igned .  From a least  squa res  s o l u t i o n  of t h e  equa t ions  of 

c o n d i t i o n  (11) which w e r e  set up  f o r  t h e s e  means, r e s u l t s  w e r e  ob ta ined  which 

are presented  i n  Table 1. The d a t a  of Table  1 conf i rms  t h e  s ta tement  made 

above about t h e  i n s t a b i l i t y  o f  t h e  n u t a t i o n a l  o s c i l l a t i o n  and t h e  s i g n i f i c a n c e  

of t h e  a c c i d e n t a l  component. 

TABLE 
PI 

( i n  u n i t s  of 0 ~ 0 1 )  
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Actually,  w e  f i n d  t h e  90% confidence i n t e r v a l s  of x and y f o r  t h e  first 

series of  observa t ions  t o  be 1.78 < x < 4.78, -0.04 < y 3.48. The va lues  of 

x and y obtained from t h e  remaining t h r e e  series do not f a l l  i n t o  t h i s  i n t e r v a l .  

Moreover, t h e  width of t h e  90% confidence i n t e r v a l  of x and y found from t h e  

observa t ions  of  t h e  second and t h i r d  series are two t i m e s  g r e a t e r  than t h e  width 

of t h e  same i n t e r v a l  f o r  t h e  unknown determined from t h e  observa t ions  of t h e  -/59 
o t h e r  two series. 

Neglecting t h e  va lues  of t h e  cons tan t  term, w e  present t h e  d a t a  of Table 1 

i n  t h e  following form: 

1 )  	 0".037 sin (c0~!-;2S") 4)  0".0i5 sin ( ( l , o f -~4 t )o )  
-!-- 9 --1. 1:b -e8 k 3 1  

2 )  	0".031 sin (~~1~l'+2~:2") 5) ON.C)12sin ( o ) o t + 3 5 ~ o )  
-1 -- ''6 .;-.i.s -f Ll. s19. .  

3)  0".02ti sin (il)of+ 3 W )  6 )  O".O 13 sin ( c ~ ~ t1-7") 
.-.:-23 .'-SI t 9  i-97 

I n  o r d e r  t o  reduce t h e  l a t t e r  expression t o  t h e  system of d i f fe rences  

ATI, a m u l t i p l i e r  of  amplitude 0.661 w a s  taken i n t o  account,  and t h e  e r r o r s  oa and Q 

w e r e  c o r r e c t e d  i n  a corresponding manner. The average weight of t h e  independent 

determinat ions of  5 )  and 6)  i s  equal t o  

0".012 sin (coot+353"). (12)
2:I. r19 

If w e  t a k e  i n t o  account t h e  fact  t h a t  t h e  n u t a t i o n a l  wave i s  determined with 

c e r t a i n t y  only  from observa t ions  i n  t h e  t i m e  period 1915-1918 and 1925-1928 

and t a k e  t h e  average of 1) and 41, then  w e  o b t a i n  

In o r d e r  t o  reduce t h e s e  r e s u l t s  t o  t h e  i n i t i a l  wave of t h e  f r e e  d iurna l  nu ta t ion  

which i s  present  i n  t h e  Pulkovo observa t ions ,  one should take i n t o  account t h e  

formation of 

a)  t h e  2-hour m e a n  va lues  f o r  t h e  evening and morning groups, 

b )  t h e  means f o r  30-degree zones, and 

c )  t h e  d i f f e r e n c e s  o f  t h e  t y p e  AQ,. 

Using t h e  method descr ibed,  w e  f i n d  a f i n a l  amplitude m u l t i p l i e r  of 

M = 1.193. Then, i n  agreement with (1)  w e  have f o r  (12) and (13): 
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ON.O1O cos (coot+353") 
i 3  t17 

0":02 1 COS +34") 
t 5  t14 

Conclusions 

From t h e  observa t ions  of a s i n g l e  l a t i t u d e  s t a t i o n ,  it is d i f f i c u l t  t o  

judge whether t h e  de tec ted  v a r i a t i o n  i n  t h e  amplitude and phase of  t h e  n u t a t i o n a l  

wave is real. For t h i s  reason, w e  cons ider  t h e  expression obta ined  from a l l  t h e  

observa t iona l  material as f i n a l  : 

O".O io cos ( r o o f  +353"). 
2 3  t17 

W e  now compare t h e  r e s u l t s  obtained by u s  with t h e  d a t a  of N.A. Popov, 

which w e r e  der ived from an a n a l y s i s  of observa t ions  of b r i g h t  z e n i t h  stars at  

Poltava.  The va lues  of t h e  per iod of  t h e  free d iurna l  n u t a t i o n  i n  both cases 

agree w e l l  wi th  t h e  t h e o r e t i c a l  value found by M.S. Molodenskiy f o r  h i s  second 

model of t h e  s t r u c t u r e  of  t h e  ear th .  N.A. Popov a l s o  determined s e v e r a l  va lues  

of t h e  amplitude of t h e  n u t a t i o n  a s  a func t ion  of t h e  i n t e r v a l  of t h e  observa

t i o n s .  However, each of  them is almost t w i c e  as l a r g e  as t h e  mean r e s u l t  pre

sented by us. For example, f o r  t h e  observa t ions  of  b r i g h t  z e n i t h  stars f o r  

1939-1963 t h e r e  i s  given i n  C51 
O".OL'O cos (Of+ . 

-t 4 k 10 

The i n i t i a l  phase of  1 0 6 O  i s  r e f e r r e d  t o  Oh of l o c a l  s i d e r e a l  t i m e  a t  Pol tava 

on June 1, 1939. In o r d e r  t o  reduce our i n i t i a l  phase t o  t h e  same epoch, it i s  

necessary t o  t a k e  i n t o  account t h e  v a r i a t i o n s  of  phase 

a)  f o r  t h e  t i m e  from December 1, 1915, u n t i l  June 1, 1939 

AD,= +23", 

b )  f o r  t h e  t i m e  from mean midnight on June 1 u n t i l  Oh s i d e r e a l  t i m e  on 

t h e  same date ,  A $ 2  = + 113". 

A s  long as t h e  pole  moves clockwise on account of t h e  d i u r n a l  n u t a t i o n ,  

then  t h e  d i f f e r e n c e s  i n  longi tude  of Pol tava and Pulkovo can be taken i n t o  

account. Then t h e  i n i t i a l  phase of  t h e  n u t a t i o n a l  wave found by u s ,  r e f e r r e d  

t o  Oh l o c a l  t i m e  on June 1, 1939, is equal t o  129O, which agrees  wi th in  t h e  

l i m i t s  of  accuracy with N.A. Popov's r e s u l t .  
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Thus, t h e  r e s u l t s  o f  the  ana lys i s  o f  the  Pulkovo l a t i t u d e  observations 

for  1915-1928 confirm the presence of a free diurnal nutation of t h e  earth. 

The question of t h e  s t a b i l i t y  of t h i s  nutation i s  sti l l  unresolved. 
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ON THE PROBLEM OF THE SMOOTHING OF CLOCK CORRECTIONS 

1
A.N. Kur'yanova 

ABSTRACT: The expres s ion  i s  found of t h e  l i n e a r  t r a n s 
formation ope ra to r ,  t h e  a c t i o n  of which on t h e  observed 
sequence of c lock  c o r r e c t i o n s  is equivalent  t o  t h a t  o f  
parabo l i c  smoothing adopted by t h e  Time Se rv ice  of  t h e  
USSR. The t r a n s f e r  func t ion  of  t h e  above t ransformation 
i s  derived. 

The f l u c t u a t i o n s  wi th  pe r iods  from 35 t o  270 days are 
shown t o  c o n t r i b u t e  t o  both d e v i a t i o n s  of t h e  observed 
c o r r e c t i o n s  from t h e  smoothed curve and t o  t h e  smoothed 
curve it  self .  

I n  t h e  d e r i v a t i o n  of t h e  system of s t anda rd  t i m e  based on a combination of L61 
observed c lock  c o r r e c t i o n s ,  one i s  obl iged t o  apply t h i s  o r  t h e  o t h e r  method 

of  determining and smoothing t h e  i n i t i a l  data .  In t h e  U S S R  T i m e  Se rv ice ,  t h i s  

i s  done i n  t h e  fol lowing way. F i r s t ,  t h e  means of t h e  c o r r e c t i o n s  of r e f e r e n c e  

t i m e  are formed f o r  each two weeks. Then, with t h e  h e l p  of pa rabo l i c  compen

s a t i o n ,  t h e  smoothed c o r r e c t i o n s  of r e fe rence  t i m e  are  found. The d e v i a t i o n s  

of t h e  smoothed va lues  from t h e  observed ones are published i n  t h e  "Standard 

Time" b u l l e t i n s  [l]. 

Any smoothing amounts t o  a low-frequency f i l t e r  which p r e s e r v e s  i n  t h e  

smoothed sequence on ly  t h e  long-period o s c i l l a t i o n s .  The dev ia t ions  of t h e  

va lues  from t h e  smoothed va lues  w e r e  o f t e n  analyzed with t h e  purpose of  d i s 

covering i n  them d e f i n i t e  high-frequency components. A t  t h e  same t i m e  t h e r e  

remained unexplained t h e  problem of j u s t  which harmonics are contained i n  t h e s e  

d e v i a t i o n s  i n  u n d i s t o r t e d  form. To estimate t h i s ,  as fo l lows  from t h e  theo ry  

of  l i n e a r  t r ans fo rma t ions ,  it i s  necessary t o  know t h e  frequency c h a r a c t e r i s t i c s  

O r  t r a n s f e r  func t ion  of  t h e  smoothing o p e r a t o r  appl ied.  

L e t  (uti be  t h e  observed sequence of  c lock  c o r r e c t i o n s ,  and ( u t * ) ,  t h e  

sequence of  smoothed va lues  of t h e  c lock  c o r r e c t i o n s .  

The sequence ( u t ]  i s  transformed i n t o  {u t* ]  with t h e  h e l p  of t h e  l i n e a r  

smoothing o p e r a t o r  L, i.e., one can w r i t e :  
~. ---.-.--- - .- - .- - _-.. A- ~

1. Main Astronomical Observatory,  Ukrainian SSR Academy of Sciences.  
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It is known t h a t  t h e  s p e c t r a l  d e n s i t i e s  o f  t h e  o r i g i n a l  sequence S ( W )  

and t h e  smoothed sequence S*(d are r e l a t e d  t o  one ano the r  by t h e  expression 

where 

f(w) is t h e  frequency c h a r a c t e r i s t i c  of  t h e  o p e r a t o r  L, which i s  some

t i m e s  c a l l e d  t h e  t r a n s f e r  func t ion  [Z]. 

Consequently, o u r  problem c o n s i s t s  of  f i n d i n g  t h e  t r a n s f e r  func t ion  of  t h e  

pa rabo l i c  smoothing ope ra to r .  

The pa rabo l i c  method o f  smoothing t h e  c lock  c o r r e c t i o n s  i s  expounded i n  

C31- The b a s i c  equa t ions  of  t h i s  method are as fol lows:  
u': = u':-l -i-bi (ti- ti-l) + Li(ti- tiJ 

bj =hi-, + 2ci-, (ti -"i-l>' 

where 

...t i-1' t.i, ti+l"' are t h e  epochs of  t h e  averaged c l o c k  c o r r e c t i o n s ;  

...u i-1' ui' ui+l... are t h e  unsmoothed c o r r e c t i o n s ;  

...UT 
1 - 1 9  

u+i' u*i+l... are t h e  smoothed c o r r e c t i o n s ;  

...bi-1' bi, b i + l - - - 	 are t h e  first t i m e  d e r i v a t i v e s  of t h e  smoothed 

func t ion  u*; and 

..'C i-1' ci ' ci+l ' 	 are  t h e  doubled second t i m e  d e r i v a t i v e s  of  t h e  

func t ion  u*. 

However, i f  t h e  combination o f  formulas presented i s  used f o r  t h e  smoothing, 

it i s  not poss ib l e  t o  f i n d  t h e  t r a n s f e r  func t ion  d i r e c t l y .  It i s  necessary t o  

o b t a i n  an expression f o r  t h e  o p e r a t o r  o f  t h e  l i n e a r  t r ans fo rma t ion  L, whose 

a c t i o n  on t h e  o r i g i n a l  sequence ( u t /  i s  equivalent  t o  t h e  smoothing descr ibed 

by t h e  Eqs. (2) - ( 4 ) .  

Let US l i m i t  ou r se lves  t o  cons ide ra t ion  o f  t h e  simple case when t h e  i n t e r v a l  

ti+l- t .  
1 

does not depend on i, and w e  t a k e  t h i s  i n t e r v a l  as t h e  u n i t  of  

measurement o f  t i m e .  Then t h e  Eqs (2) - ( 4 )  are w r i t t e n  i n  t h i s  form: 
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-- -- 2 3cl-l =: 
1 - ( f l f f f L i + , )  -T ll;-l- 5 hi--*-

( 6 )  

5 5 (7) 

S u b s t i t u t i n g  t h e  va lue  of ci-l from (7) i n t o  (5) and (6) and ca r ry ing  o u t  t h e  

s imple t r ans fo rma t ions ,  w e  f i n d :  

If w e  r ep lace  h e r e  the s u b s c r i p t  i by i-1, w e  ob ta in :  

6 .  2 1 
1--1 =-(u..1 i U i - J  --4 q:-2 -5bi-2 

5 
and a f t e r  s u b s t i t u t i o n  of  t h e s e  expressions i n t o  ( 8 )  w e  have: 

where 

'i-1 is a q u a n t i t y  which depends on ly  on t h e  observed t i m e  c o r r e c t i o n s  

and h a s  t h e  form: 

v 1 
f-1 =-5 ( U i f l  -f s2f L i )  -F. 

7 
-. ( 'Litui- l ) .  

Furthermore, w e  s u b s t i t u t e  i n  (9)  i n  p l ace  of t h e  c o r r e c t i o n  U*i -2  i ts  expression 

i n  terms of  u*
1-3 and so f o r t h ,  u n t i l  w e  a r r i v e  a t  t h e  expression:  

. nP 
u: = v.1-p + llLp 

f L i - ( p + l , ) - ~ ~ b i - , p + * ) '  
(10) 

where 

m
P 

and n are cons t an t  c o e f f i c i e n t s  d i f f e r e n t  f o r  v a r i o u s  p.
P 

Our problem c o n s i s t s  of  expressing t h e  smoothed c o r r e c t i o n s  u*i by a 

l i n e a r  combination of  unsmoothed c o r r e c t i o n s  u i' Therefore ,  it is  necessary 

t o  d i s c u s s  t h e  va lue  of  p f o r  which one can neg lec t  t h e  second and t h i r d  t e r m s  

i n  t h e  expression (10). Taking i n t o  account t h e  accuracy of t h e  determinat ion 

of t h e  c lock  c o r r e c t i o n s ,  w e  have found p = 12. Then 

u .  -. vi429'* 
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where 

A f t e r  simple rearrangement of (11) w e  obtain:  

11,; = + 0.200000 u ~ , , - + O . ~ S O O ~ C~,-~-0.352000~,-~+0.044800!ll-*

-0,0524SO~ti~-.,-0.029352 uid4-0.001485 /ti-,+0.005396 Iti--6 + 
+0.082456ui-7  --0.000097f L i - . ,  -0.000530 f l i -9  -C.000193 u ~ - ~ ~+ 

-/- o.oi)oo29 ui-ll-I-. .. . 

Thus w e  obtained an equation f o r  t h e  l i n e a r  transformation of t he  o r ig ina l  

Sequence 4- I 

I’ 11 
(12) 

To f ind  the  t r a n s f e r  funct ion w e  use the  well-known equation [ Z ]  

/ I . - - 1 1  

Here wn = (n/N) n, where N is t h e  number of po in ts  a t  which t h e  t r & s f e r  

funct ion is determined and n takes  t h e  values 0,1, 2, ..., N (we took N = 9 
i n  t h e  ca lcu la t ion  of f(wn) ). 

In agreement with (131, w e  ca l cu la t e  the  real and imaginary p a r t s  of t h e  

t r a n s f e r  function, whichhave t h e  form: 
+1 

I (an)= J’ /zp sin pa,.
i 

p =- 11 

From t h i s  we obtain t h e  amplitude and phase: 
. .

! f (0,) I =V R a(u),) ( w n )  , 

82 



The va lues  of  If(w)l and cp(c0,) are presented i n  Table 1 f o r  ce r t a in  U) o r  
n 

t h e  pe r iods  T = 2n/u) corresponding t o  them. In a d d i t i o n ,  t h e  va lues  of 
n n 

If (wn)/ are ,given g r a p h i c a l l y  i n  F igu re  1. 

Upon t h e  discovery of t h e  pa rabo l i c  -/ 6 4  
smoothing o p e r a t o r ,  W e  assumed’ t h a t  t h e  

observed c o r r e c t i o n s  are equa l ly  spaced 

i n  t i m e .  However, i n  p r a c t i c e ,  it i s  

necessary t o  smooth c o r r e c t i o n s  which 

are no t  e q u a l l y  spaced. It should b e  

pointed ou t  t h a t  t h i s  does not  s i g n i 

f i c a n t l y  affect  t h e  form o f  t h e  t r a n s f e r  

f unct ion. 

An a n a l y s i s  of t h e  r e s u l t s  obtained 

(see F igu re  1) shows t h a t  t h e r e  i s  

contained i n  t h e  discussed d e v i a t i o n sFigure 1. 
of t h e  averaged c o r r e c t i o n s  from t h e  

smoothed curve undetected o s c i l l a t i o n s  with pe r iods  not exceeding 35 days. Os

c i l l a t i o n s  with pe r iods  of 35 days < T < 270 days occur  both i n  t h e  d e v i a t i o n s  n 
and i n  t h e  smoothed curve. I n v e s t i g a t i n g  t h e s e  o s c i l l a t i o n s  based on t h e  de

v i a t i o n s  from t h e  smoothed curve,  it is necessary t o  c a l c u l a t e  t h e  amplitudes 

and phases of t h e  harmonics o f  t h e  o r i g i n a l  sequence from t h e  equat ions:  

TABLE 

0 W 1.000 - 0.0 0.000 

20 270 0.998 - 0.G 0.0 10 
40 135 0.967 - 4.7 0.087 
GO 90 0.832 -13.9 0.278 
80 GS 0.579 -23.7 0.524 

100 54 0.332 -27.6 0.729 
I20 45 0.165 -25.3 0.954 
140 39 0.066 -18.6 0.938 
160 3.1 0.020 - 7.6 0.980 
180 30 0.000 - 0.0 1.ooo 
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where 

A(%), p(wn) are t h e  amplitude and phase o f  t h e  n-th harmonic of  t h e  

observed sequence of  c o r r e c t i o n s ;  

Ad(wn), ,Bd(wn) 	 are t h e  amplitude and phase of t h e  same harmonic of t h e  

sequence of  d e v i a t i o n s  from t h e  smoothed curve;  and 

]F(wn)l , q d ( w n )  	 are t h e  amplitude and phase of  t h e  t r a n s f e r  func t ion  o f  

t h e  o p e r a t o r  o f  t h e  dev ia t ions .  

The q u a n t i t i e s  lF(wn)/ and qd(u+-,) are a s s o c i a t e d  with t h e  amplitude and -/6S 
phase of t h e  t r a n s f e r  f u n c t i o n  of  t h e  smoothing o p e r a t o r ,  I f ( w n ) l  and Y(wn) 

r e s p e c t i v e l y ,  by t h e  r e l a t i o n s  
.-.. . - .- - ._ - -

I F (to,;) i = 'rri 112 (f ,(o>,J 1 cos ( (on )  -i- [ f ( ( I ) ~ ) ! ~  

I n  t h e  p a r t i c u l a r  case where t h e  smoothing o p e r a t o r  is symmetrical, i.e., 

k = k t h e r e  occur s  an e q u a l i t y
P -P' 

cos (2 ((o,,,) =i I ,  sin cp ((I),) =0, 

consequently,  

The pa rabo l i c  smoothing o p e r a t o r  found by u s  is no t  symmetrical;  t h e r e f o r e ,  

( wit i s  necessary for t h e  c a l c u l a t i o n  of  (F(u,n ) I  and cp d n  ) t o  u s e  Eq. (15). The 

va lues  of  jF(wn) are given i n  Table 1, and they  are a l s o  presented g r a p h i c a l l y  

i n  F igu re  1. 

F i n a l l y ,  t h e  long-period o s c i l l a t i o n s  (T > 270 days)  are t r a h s f e r r e d  n 
completely t o  t h e  curve of  t h e  smoothed c lock  c o r r e c t i o n s .  
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DETERMINATION OF THE CONSTANTS OF ROTATION 
OF THE MOON TAKING INTO ACCOUNT THE ERRORS 
IN THE COORDINATES IN THE CRATER M~STING A 

V.S. Kislyuk 1 

ABSTRACT: The au thor  p r e s e n t s  t h e  va lues  of t h e  r o t a t i o n a l  
c o n s t a n t s  of t h e  moon, t h e  e r r o r s  i n  t h e  coord ina tes  of t h e  
c r a t e r  Mgsting A with respec t  t o  t h e  system of  limb craters 
being taken i n t o  account. 

The found va lues  of I and f do not  p r a c t i c a l l y  d i f f e r  from 
t h o s e  presented i n  E l ] .  

I n  t h e  paper [l] t h e  va lues  of t h e  c o n s t a n t s  of r o t a t i o n  of t h e  moon 

'I= 1"32'47" -t24", . 

f =0.82 k0.05. 

are presented,  which w e r e  obcained from t h e  d i s t a n c e s  of 18 edge c r a t e r s  from 

t h e  c e n t r a l  crater  M8sting A measured on 26 p l a t e s .  These r e s u l t s  agree w e l l  

wi th  t h e  va lues  obtained by A.A. Gorynya [2] using t h e  method of t h e  p o s i t i o n  

angles  of a l a r g e  number of observa t ions ,  which confirms t h e  s a t i s f a c t o r y  re

p r e s e n t a t i o n  of our comparatively small  series of observat ions.  However, i n  

t h e  paper [2],  t h e  problem of t h e  effect of t h e  e r r o r s  of  t h e  coord ina tes  of 

t h e  craters u s e d  on t h e  r e s u l t s  obtained is not  expounded. 

In  t h e  present  a r t ic le  w e  d i s c u s s  t h e  problem of t h e  effect of e r r o r s  i n  

t h e  coord ina tes  of t h e  crater  M8sting A with respec t  t o  t h e  system provided by 

edge c r a t e r s  on t h e  determinat ion of t h e  c o n s t a n t s  of r o t a t i o n  of t h e  moon. 

For t h i s  i t  is necessary t o  i n s e r t  i n t o  t h e  equat ions of condi t ion ,  unknown 

c o r r e c t i o n s  f o r  t h e  coord ina tes  of t h e  crater Mgsting A i n  a d d i t i o n  t o  t h e  

unknown c o r r e c t i o n s  t o  t h e  accepted i n i t i a l  va lues  of I0 and f 0' 

It i s  easy t o  show t h a t  

1. Main Astronomical Observatory, Ukrainian SSR Academy of Sciences. 
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where 

p is t h e  p o s i t i o n  angle  of an edge c r a t e r ;  

dS, d l ,  dc, d I ,  df are t h e  unknown c o r r e c t i o n s  sought t o  t h e  i n i t i a l  

coord ina tes  of  t h e  c r a t e r  Mgsting A and t h e  va lues  

of I and f
0 0' 


It is easy t o  show t h a t  

(2) 


-AIZ - A , ,  


where 

are t h e  elements of  . the w e l l  known Cracovian of T. Banakhevich.*ij 

The expressions f o r  t h e  c o e f f i c i e n t s  D, D', C, C '  a r e  obtained i n  t h e  

paper [l], and w e  w i l l  not present  them here.  

The following system pf normal equat ions ( t h e  very same measurements as 

i n  paper [11), are set  up f o r  275 condi t iona l  equat ions:  

dl' df' dE ' dq f dt' I 

120.921 3.468 3.015 -44.026 -7.528 1.898 
6.500 -5.630 - 0.308 0.120 0.618 

125.937 - 6.451 -2.293 ' 1.791 
147.833 6.551 3.105 

1.282 -0.269 

The unknown c o r r e c t i o n s  are connected with t h e  unknowns found from a s o l u t i o n  

of t h e  system i n  t h e  following manner: 

They proved t o  be equal (dg, dT, dc are i n  u n i t s  of  to 

dg= -0.0000G t0.0000 1, 

dq = +0.C0015t0.00001, 

dl;= +0.00132t0.00059, ( 41 
d l =  +17"+30", 

df= +0.11 t0.05. 

If one t a k e s  i n t o  account t h e  f a c t  t h a t  Gain's  values  w e r e  taken a s  t h e  

i n i t i a l  I and f ,  w e  ob ta in  f i n a l l y :  
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I t  i s  obvious from t h i s  that the values sought are practical ly  unchanged. 

The problem of the e f f ec t  of  the errors of the coordinates of the edge 

craters remains open for  the present. 
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DETERMINATION OF CERTAIN INSTRUMENTAL CHARACTERISTICS 
OF THE ZTL-180ZENITH-TELESCOPE OF THE POLTAVA OBSERVATORY 

/ 

N.A. Popov, N.I. Panchenko and A.T. Tsapova1 

ABSTRACT: The a r t ic le  dea l s  with t h e  bas i c  instrumental  
c h a r a c t e r i s t i c s  of t h e  Poltava Observatory ~ ~ ~ 1 8 0zenith-
te lescope - values  of  d iv i s ions  of t he  Talco t t  l e v e l s ,  t he  
sca l e  value of t h e  micrometer screw, t h e  d is tances  between 
horizontal  hatching on t h e  micrometer g l a s s  p l a t e  and others.  

A s  a r e s u l t  of t h e  inves t iga t ion ,  t h e  authors  came t o  a 
conclusion t h a t  t h e  temperature coe f f i c i en t  of t hese  d is 
tances  is very s m a l l .  

The ZTL-180 zenith-telescope, one of a series of Soviet  zenith-telescopes 

with an objec t ive  aper ture  of 180 mm [l], was acquired by t h e  Poltava Gravi

metric Observatory with t h e  purpose of having a s u f f i c i e n t l y  powerful ins t ru

ment with a wide f i e l d  of view f o r  carrying out observat ions of t h e  va r i a t ion  

i n  l a t i t ude .  .It w a s  pr imari ly  intended t o  use t h i s  instrument f o r  observations 

of l a t i t u d e  according t o  a zeni th  program, including observat ions of t h e  br ight  

zen i th  stars cL, Persei  and Ursae Majoris which have been ca r r i ed  out a t  Poltava 

s ince  1939. (Further observations with the  Z e i s s  zenith-telescope have become 

d i f f i c u l t  because of i n su f f i c i en t  width of t he  f i e ld . )  

The ZTL-180 is mounted i n  a spec ia l ly  constructed pavi l ion t o  t h e  north 

from t h e  Z e i s s  zenith-telescope pavi l ion a t  a d is tance  of 56 m. The con

s t ruc t ion  of t h e  pavi l ion of t h e  ZTL-180 i s  unique and successful.  The 

pavi l ion  is described i n  d e t a i l  by t h e  man who constructed it - chief  mechanic 

of t h e  observatory B.A. Sokoloviy. 

The pavi l ion i s  of square construct ion with an a rea  of 5.6 m x 5.6 m 

mounted on a masonry foundation. Its w a l l s  cons is t  of a metal framework 

covered outs ide  by corrugated galvanized i ron  and in s ide  by wooden panels. 

The region between the  inner  and outer  covering is f i l l e d  with rock wood. 

The general appearance of t h e  pavi l ion is shown i n  Figure 1. 

I n i t i a l l y ,  t h e  roof s ec t ions  were moved with t h e  he lp  of e l e c t r i c  motors 

d i r e c t l y  by means of a system of f l e x i b l e  cables ,  which very o f t en  during t h e  

1.' Poltava Gravimetric Observatory, Ukrainian SSR Academy of Sciences. 
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Figure  1. V i e w  of  t h e  pavi l ion.  

co ld  t i m e  of t h e  year  opera ted  with i r r e g u l a r i t i e s .  


was s i g n i f i c a n t l y  changed and t h e  c a b l e s  w e r e  el iminated. A t  t h e  present  t i m e ,  


Therefore,  t h e  mechanism -/68 

t h e  s e c t i o n s  are moved by cha ins  with coarse  spacing, t o  which f o r c e s  a r e  t r a n s 

mi t ted  from gears  placed on two s p e c i a l  s h a f t s  i n  t h e  e a s t e r n  and western p a r t s  

of t h e  pavi l ion.  Such a system h a s  proved t o  be more r e l i a b l e  i n  p r a c t i c e  and 

provided normal opera t ion  of t h e  roof mechahism i n  t h e  winter .  

The instrument w a s  mounted on t h e  p i e r  i n  May 1966. Unfortunately,  f i n e  

adjustments and var ious  f i n i s h i n g  touches on s e p a r a t e  p a r t s  of t h e  instrument 

d id  not permit t h e  completion of a l l  t h e  i n v e s t i g a t i o n s  i n  t h e  summer and f a l l  

of 1966. 

During prepara t ion  of  t h e  instrument f o r  t h e  observa t ions  a series of 

i n v e s t i g a t i o n s  w a s  c a r r i e d  out  of t h e  fundamental instrumental  c h a r a c t e r i s t i c s .  

The r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  a r e  expounded i n  t h e  present  a r t i c l e .  

I n v e s t i g a t i o n  of t h e  Levels 

The i n v e s t i g a t i o n  of  t h e  Talco t t  l e v e l s  w a s  c a r r i e d  out  on a t e s t i n g  

machine which was mounted on a masonry p i e r  i n  t h e  p a v i l i o n  of  t h e  APM-10 

t r a n s i t  instrument.  During January-July 1965 each of  t h e  l e v e l s  w a s  inves

t i g a t e d  10 t i m e s  a t  var ious  va lues  of  t h e  temperature. This  work was c a r r i e d  

out  by t h e  observers  V.G. Sorokiniy and R.I.  Popova. The l i m i t s  wi th in  which 

t h e  temperature var ied  during t h e  observat ions w e r e  from + 2 7 O  t o  -20'. 
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On t h e  b a s i s  of t h e  r e s u l t s  of  t h e s e  measurements, t h e  fol lowing va lues  

w e r e  obtained f o r  t h e  scale d i v i s i o n s  of  t h e  l e v e l s  and t h e  temperature  

c o e f f i c i e n t s :  

Level No. 1 (lower) = = 1”.047-O0”.0O03t, 
2 4  5 3  

< =O‘f.992 +O / ~ . O O l l  f. 
Level No. 2 (upper) c 8 + 4  

Regardless  of  t h e  comparat ively la rge  range of t h e  temperature  v a r i a t i o n s  

under which t h e  l e v e l s  w e r e  i n v e s t i g a t e d ,  t h e  temperature  c o e f f i c i e n t s  w e r e  

not  determined wi th  c e r t a i n t y .  Th i s  i s  poss ib ly  explained by t h e i r  very s m a l l  

s i z e ,  Consequently, f o r  t h e  t i m e  being t h e r e  is no b a s i s  t o  t a k e  them i n t o  

account i n  processing observat ions.  

Determination of t h e  Distances o f- t h e  S i d e  Threads- ._ 

( V e r t i c a l s )  from t h e  Cen t ra l  ~ One 

The o c u l a r  micrometer of t h e  ZTL-180 has  i n s t e a d  of  a g r i d  of  s p i d e r  

t h r e a d s  a g l a s s  p l a t e  on which is placed a g r i d  of l i n e s .  I n s t e a d  of un

movable t h r e a d s  i n  t h e  f i e l d  of  view, t h e r e  are v i s i b l e  13 l i n e s  which are 

p a r a l l e d  t o  t h e  a x i s  of t h e  s c r e w .  The d i s t a n c e  o f  each of t h e s e  s i d e  v e r t i c a l  

l i n e s  f from t h e  c e n t r a l  l i n e  w a s  determined, as u s u a l ,  from obse rva t ions  of 

stars, recording t h e  i n s t a n t s  of t h e  t r a n s i t s  of t h e  stars with t h e  h e l p  of a re

cording chronograph. These d i s t a n c e s  are as fol lows:  

Line number 1 2 9 .i -7 c 7 s 9 10 11 12 13 

f 27.~,(;!; 2 1 . 2 ~  1j.50 :).fjq rj.4.i :i20 0.00 2% 6.46 9.64 15.46 21.30 27.12 

By convention t h a t  l i n e  which first i n t e r s e c t s  t h e  image o f  t h e  s ta r  a t  

t h e  “east” p o s i t i o n  o f  t h e  in s t rumen t ‘ s  tube i s  taken as t h e  first l i n e .  

It i s  necessary t o  n o t e  t h a t  t h e  d i s t a n c e s  f of  t h e  micrometer of our  

instrument are almost equal i n  accuracy t o  t h e  d i s t a n c e s  of  t h e s e  same l i n e s  

i n  t h e  o t h e r  micrometers of  t h e  ZTL-180 and a l s o  possess  symmetry of t h e  s i d e  

l i n e s  r e l a t i v e  t o  t h e  middle l i n e .  

I n v e s t i a a t i o n  of t h e  Usual and Pe r iod ic  E r r o r s  

of  t h e  Screw of t h e  Ocular Micrometer 

The usual  e r r o r s  of  t h e  s c r e w  o f  a micrometer w e r e  determined with t h e  

h e l p  of  a s p e c i a l  microscope with a s c a l e  from t h e  Z e i s s  zeni th- te lescope.  

Th i s  microscope is so cons t ruc t ed  t h a t  one can e s t a b l i s h  t h e  e r r o r s  of t h e  

s c r e w ,  wi thout  removing it from t h e  instrument [2]. The i n t e r v a l  between 
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two b i s e c t o r s  i n  t h e  f i e l d  of view o f  t h e  scale microscope w a s  measured and 

w a s  found equal t o  two s c r e w  r e v o l u t i o n s  of  t h e  micrometer of t h e  ZTL-180. 

I n  a l l ,  20 series o f  measurements w e r e  made i n  two stages,  with 10 series 

of  measurements i n  each s t a g e .  A f t e r  t h i s ,  w e  compared t h e  two series of  

c o r r e c t i o n s  for t h e  usua l  e r r o r s  of a micrometer s c r e w ,  and each series w a s  

obtained as t h e  average of  t h e  10 series of measurements. The agreement be

tween both series w a s  good. Therefore ,  t h e  v a l u e s  of  t h e  c o r r e c t i o n s  w e r e  

f i n a l l y  c a l c u l a t e d  on t h e  b a s i s  of a l l  20 series. The va lues  of  t h e  correc

t i o n s  are presented i n  F i g u r e  2. 
!; 

jg :; 1.3 i? 25 257 ;;:;,,:? 4; 53 5.) 53 $2 $j;'2 j$ js & 85 
Screw revo lu t ions  

F igu re  2. Cor rec t ions  f o r  t h e  usual  e r r o r s  of t h e  micrometer s c r e w .  

D iv i s ions  of t h e  micrometer drum 

Figure 3; Cor rec t ions  f o r  t h e  pe r iod ic  e r r o r s  of t h e  micrometer s c r e w .  

A s  is  ev iden t  from F igure  2, t h e  c o r r e c t i o n s  f o r  t h e  u s u a l  e r r o r s  reach /70 

0%050 on ly  a t  t h e  edges o f  t h e  p a r t  of t h e  screw i n v e s t i g a t e d  by u s  (10-86 

r e v o l u t i o n s ) ,  and i n  t h e  i n t e r v a l  between 42 and 64 r e v o l u t i o n s  they  are 

p r a c t i c a l l y  equal t o  zero. 

The va lues  of t h e  c o r r e c t i o n s  f o r  t h e  p e r i o d i c  e r r o r s  of  t h e  screw are 

presented i n  F igu re  3. The i n v e s t i g a t i o n s  w e r e  c a r r i e d  out  i n  t h e  middle 

p a r t  of  	t h e  s c r e w  a t  48-49 revo lu t ions .  The s i ze  of t h e  c o r r e c t i o n s  does not  
R

exceed 0.0005. 

The r e s u l t s  of t h e  i n v e s t i g a t i o n s  of t h e  usual  and pe r iod ic  e r r o r s  confirm 

t h e  high q u a l i t y  of t h e  s c r e w  of  t h e  o c u l a r  micrometer. Th i s  s i t u a t i o n  has  

a l r e a d y  been remarked upon i n  a series of p r o j e c t s  c a r r i e d  out  a t  o t h e r  ob
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s e r v a t o r i e s  with t h e  ZTL-180 instrument  [3]. 

Determination of t h e  Temperature Coef f i c i en t  and ID i s s n c e sI 
between t h e  Horizontal  Lines  of t h e  G l a s s  P l a t e  of t h e  -_ _  4 


Pol t ava  ZTL-180's Ocular Micrometer 

L a t i t u d e  obse rva t ions  o f  z e n i t h  s tars  by t h e  T a l c o t t  method can be com

p l e t e l y  success fu l  on ly  when t h e  z e n i t h  d i s t a n c e s  of  t h e  stars are s m a l l .  How

ever ,  it is very d i f f i c u l t  t o  make up a s u i t a b l e  program from z e n i t h  stars 

under t h i s  cond i t ion ,  s i n c e  t h e r e  are very f e w  such stars i n  t h e  narrow 

zone o f  t h e  sky a c c e s s i b l e  f o r  obse rva t ions  with t h e  zeni th- te lescope.  More

over ,  t h e y  recede from t h e  z e n i t h  because of  t h e  e f f e c t  of  p recess ion  and pass  

o u t  of  t h i s  zone comparatively soon i f  one does not c o n s i d e r  t h o s e  which cu l 

minate around 6 and 18 hours  l o c a l  s i d e r e a l  t i m e .  

I n  o r d e r  t h a t  t h e  z e n i t h  program be t h e  most permanent and s u i t a b l e  f o r  

obse rve t ions  (from t h e  po in t  of  view of  t h e  p o s s i b i l i t y  of  observing one and 

t h e  same z e n i t h  s ta r  a t  two t u b e  p o s i t i o n s ) ,  it is necessa ry  t o  widen t h e  

l i m i t s  of  measurements of t h e  d i f f e r e n c e s  of t h e  z e n i t h  d i s t a n c e s  by t h e  micro

m e t e r  s c r e w .  One can achieve t h i s  if t h e  supplementary h o r i z o n t a l  t h r e a d s  are 

s t r e t c h e d  on t h e  moveable frame of  t h e  micrometer [41 o r  t h e r e  i s  a t t ached  on 

t h e  frame a t r a n s p a r e n t  p l a t e  w i th  engraved l i n e s .  Then even f o r  s m a l l  numbers 

of r e v o l u t i o n s  o f  t h e  micrometer s c r e w ,  i t  is p o s s i b l e  t o  c a r r y  ou t  observa

t i o n s  us ing  not  one but two d i f f e r e n t  l i n e s .  In  t h i s  way, it becomes p o s s i b l e  

t o  observe stars which c r o s s  t h e  meridian at  cons ide rab ly  greater  d i s t a n c e s  from 

t h e  zen i th .  The s e l e c t i o n  o f  t h e  stars i s  s i g n i f i c a n t l y  f a c i l i t a t e d  s i n c e  a 

wider  zone i n  d e c l i n a t i o n  i s  se l ec t ed .  

On normal zen i th - t e l e scopes  one can widen t h e  zone of measurements with 

a micrometer by t h e  method of s e t t i n g  t h e  supplementary t h r e a d s  o r  t h e  c u t s  

of  t h e  l i n e s  on t h e  g l a s s  p l a t e  a maximum of  up t o  30'. Consequently, i t  is 

p o s s i b l e  t o  observe on ly  t h o s e  z e n i t h  stars which are d i s t a n t  by no more than 

15' from t h e  zeni th .  

A remarkable f e a t u r e  of t h e  ~ ~ ~ 1 8 0c o n s i s t s  i n  t h e  wide ang le  of i t s  

o b j e c t i v e ;  t h e  s i z e  of  t h e  v i s i b l e  f i e l d  of view reaches l 0 4 5 ' ,  and t h e  

working f i e l d  reaches 1'30'. Thanks t o  t h i s ,  obse rva t ions  o f .  t h e  z e n i t h  

program by t h e  ZTL-180 can be c a r r i e d  ou t  without changing stars f o r  more than 

150 years.  A program of T a l c o t t  s tar  p a i r s  can be made up f o r  a s t i l l  more 
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l eng thy  term of  obse rva t ions .  

The width o f  t h e  f i e l d  and t h e  series o f  l i n e s  (13 i n  a l l ) ,  which are 

uni formly  d i s t r i b u t e d  a long  t h e  e n t i r e  l e n g t h  of t h e  g l a s s  p l a t e ,  permit t h e  

de t e rmina t ion  of t h e  v a l u e  R of a s c r e w  r e v o l u t i o n  o f  t h e  o c u l a r  micrometer 

from o b s e r v a t i o n s  o f  wide scale p a i r s ,  by which a very  h igh  accuracy of t h e  

ob ta ined  va lue  f o r  t h e  scale o f  t h e  measurements i s  achieved [5, 6,  7, 81. 

The enumerated f e a t u r e s  of t h e  ins t rument  permit i t s  u s e  i n  so lv ing  a 

more e x t e n s i v e  range o f  problems t h a n  it is p o s s i b l e  t o  s o l v e  wi th  in s t rumen t s  

of t h e  prev ious  t y p e  of c o n s t r u c t i o n .  However, t h e  d i s t a n c e s  between t h e  l i n e s  

L.1 should be  c a r e f u l l y  determined and thoroughly i n v e s t i g a t e d  f o r  t h e i r  t e m - -/71 

p e r a t u r e  v a r i a t i o n s .  Thus, it is necessa ry  t o  d e r i v e  t h e  d i s t a n c e s  from series 

o f  s e p a r a t e  measurements ob ta ined  a t  va r ious  va lues  of t h e  temperature.  

The measurements of t h e  d i s t a n c e s  of t h e  s i d e  v e r t i c a l  l i n e s  from 

t h e  c e n t r a l  (which are o r i e n t e d  p a r a l l e l  t o  t h e  mer id ian)  w e r e  c a r r i e d  out  by 
s 

u s  from o b s e r v a t i o n s  of s t a r  t r a n s i t s  wi th  an accuracy of W.02, b u t  t h e  

d i s t a n c e s  between t h e  h o r i z o n t a l  l i n e s  (which are pe rpend icu la r  t o  t h e  mer id ian)  

must be  determined wi th  a fa r  greater accuracy. A s p e c i a l  microscope having a 

scale wi th  engraved b i s e c t o r s ,  which w e  have a l r e a d y  r e f e r r e d  t o ,  w a s  used f o r  

t h i s  purpose. The measurements w e r e  c a r r i e d  out dur ing  t h e  daytime on t h e  

same ins t rument  us ing  t h e  method which L.P. Basurmanova app l i ed  [91. 

The d i s t a n c e s  between two ne ighbor ing  l i n e s  amounts t o  almost 20 s c r e w  

r e v o l u t i o n s ,  and t h e  screw had 100 r e v o l u t i o n s  i n  a l l .  Therefore ,  a t  a 

s i n g l e  s e t t i n g  o f  t h e  b i s e c t o r  i t  is  p o s s i b l e  t o  measure by r e v o l u t i o n s  o f  

t h e  micrometer s c r e w  o n l y  f o u r  d i s t a n c e s  i f  t h e  extreme r e v o l u t i o n s  from t h e  

1st t o  t h e  10th and beyond t h e  90b are not used. Thus, it i s  necessary  t o  

s h i f t  t h e  p l a t e n  wi th  t h e  microscope screwed i n t o  t h e  o c u l a r  a p e r t u r e  of t h e  

micrometer t w i c e  i h  o r d e r  t o  measure t h e  12  d i s t a n c e s  from t h e  1st t o  t h e  

13% l i n e .  

I n  t h e  f i r s t  method w e  measured t h e  d i s t a n c e s  between t h e  1st and 2nd, 

2nd and 3 r d ,  3 r d  and k t h ,  4 t h  and 5 t h  l i n e s  - forwardmot ion .  Then t h e s e  

measurements w e r e  r epea ted  i n  t h e  r e v e r s e  d i r e c t i o n ,  r e t u r n i n g  t o  t h e  1st 

l i n e  and t h e  1 0 t h  r e v o l u t i o n  on t h e  micrometer b a r r e l .  Then, af ter  t h e  first 

r e s e t t i n g  o f , t h e  p l a t e n ,  du r ing  which t h e  b i s e c t o r  w a s  s h i f t e d  from t h e  1st 
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t o  t h e  5 t h  l i n e ,  s i m i l a r  measurements w e r e  c a r r i e d  o u t  between t h e  5 t h  and 9 t h  

l i n e s .  F i n a l l y ,  a f te r  t h e  second r e s e t t i n g  t h e  d i s t a n c e s  between t h e  9 th  and 

t h e  1 3 t h  l i n e s  w e r e  measured. 

The measurements o f  t h e  d i s t a n c e s  Li w e r e  made o n l y  i n  t h e  middle of  t h e  

f i e l d  of view, i.e., along t h e  7 t h  v e r t i c a l  l i n e .  Such measurements must be  

made i n  t h e  upper and lower p a r t s  o f  t h e  f i e l d  i n  o r d e r  t o  determine d e v i a t i o n s  

of  t h e  l i n e s  from p a r a l l e l n e s s .  

During t h e  per iod from August 11 u n t i l  December 22, 1967, t h e  q u a n t i t y  Li 

w a s  measured n ine  t i m e s  a t  v a r i o u s  va lues  of  t h e  temperature.  The r e s u l t s  

are expressed i n  r e v o l u t i o n s  of t h e  micrometer s c r e w  and a l s o  c o r r e c t e d  f o r  

i ts  normal e r r o r s  (Table 1). 

1-2 !S.S930 
2-3 19.9876 
3-4 20.0113 
11-5 19.0963 
5-6 20.0015 
ti-? 19.9827 
7-S 20.0133 
2-9 19.9923
?--io 2o .ons  

10-1 I 19.97'91 
11--12 20.0360 
12-13 19.9924 

19.9984 20.0oa4 
19.9884 lS.Sb?,5
20.0096 20.0 IO7 
19.9971 !9.9560 
20.0023 20.OCi4.1 
19.9831 19.9829 
20.0139 20.0128 
13.cJS93 19.9907 
20.0074 20.C07-1 
19.9801 19.9797 
20.C250 20.0265 
19.9356 19.9912 

19.9991 20.0200 20.0900 20.0C07 20,0022 20.00!5 
19.9924 19.9905 19.9319 19.9903 10.9s93 19.9905 
2o.ocs9 20.0356 2o.co99 20.0101 20.0094 20.0101 
19.9944 19.9943 19.9929 19.9931 19.9948 19.9943 
20.0033 211.0040 20.06\37 2C.0037 20,0055 20.0036 
19.584 1 19.983I 19.9838 19.9342 19.9mo 19.9534 
n o  I 37 20.013s 20.0124 20.0131 20.0 134 20.0149 
19.9937 19.99!3 l9.9d94. 19.9882 19.9871 !9.9874 
20.0086 20.0034 20.0065 20.0076 20.0075 20.C082 
19.9813 19.3829 19.9835 19.9804 19.9793 19.98 1 1 
20.0266 20.0246 20.0256 20.0272 20.0253 20.0216 

19.990419.9910 19.9900 19.9918 19.9883_ - -
19.99 16 

... 

I -13 239.9862 239.9904 239.9921 233.9931 239.99 1.5 239.9914 239.9869 239.9864 239.991 

The combination of  t h e  measurements of t h e  p l a t e  and t h e  micrometer s c r e w  

as a func t ion  of t h e  temperature  a f f e c t s  t h e  d i s t a n c e s  between t h e  l i n e s ;  t h e  

l a rge r  t h e  d i s t a n c e s ,  t h e  grea te r  i s  t h e  d i f f e r e n c e  i n  t h e  temperature coef

f i c i e n t s  o f  t h e  l i n e a r  expansions of  t h e  type  of  g l a s s  and s teel  se l ec t ed .  

There i s  i n  general  no s t anda rd  des igna t ion  f o r  t h i s  "combined" tempera- -/72 

t u r e  c o e f f i c i e n t .  W e  w i l l  denote  t h i s  q u a n t i t y  by x ,  s i n c e  w e  a l r e a d y  adopted 

such a designat ion ear l ier  when t h e  temperature v a r i a t i o n  between t h e  supple

mentary movable t h r e a d s  on t h e  Z e i s s  zen i th - t e l e scope  w e r e  i n v e s t i g a t e d  [lo]. 

l n e  effect of  t h e  temperature  v a r i a t i o n  of t h e  l e n g t h  is determined more 

e x a c t l y  i n  t h i s  c a s e ' i f  it i s  p o s s i b l e  t o  t a k e  as t h e  u n i t  of measurement a 

l a rge r  d i s t a n c e  on t h e  p l a t e .  Therefore  i t  i s  a d v i s a b l e  t o  determine t h e  
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q u a n t i t y  L f o r  t h e  d i s t a n c e  between t h e  1st and 1 3 t h  l i n e s .  T h i s  d i s t a n c e  

.is found by t h e  method of adding up t h e  columns o f  Table 1 of a l l  t h e  va lues  

of Li which are measured a t  v a r i o u s  temperatures  from +28O t o  -18". On t h e  

b a s i s  o f  t h e  d a t a  o f  Table 1, n i n e  cond i t iona l  equat ions o f  t h e  form Lt = Lo 
+ n t  w e r e  formulated. The s o l u t i o n  by t h e  method of least  squa res  l e a d s  t o  

t h e  fol lowing expression:  
L = 239.9900 - 0.00005t.t +9 +5 

As is ev iden t ,  t h e  d i s t a n c e ,  which is  equal t o  240 s c r e w  r evo lu t ions ,  changes 

very l i t t l e  upon a temperature  change of lo ,  and t h e  s i z e  of  t h i s  change l i e s  

w i t h i n  t h e  l i m i t s  of e r r o r  of  t h e  measurements. If t h e  va lue  of  t h e  temperature  

c o e f f i c i e n t  is formally c a l c u l a t e d ,  r e l a t i v e  t o  t h e  d i s t a n c e  of  one r evo lu t ion  of 
,.-

t h e  micrometer b a r r e l ,  t hen  it  amounts t o  0.0000002 ( i n  s c r e w  r e v o l u t i o n s )  

o r  i n  angular  measure, 0'.'0000044. I f  t h i s  value w e r e  real ,  t hen  one could 

neg lec t  it i n  a l l  t h o s e  c a s e s  where t h e  measurement d i f f e r e n c e s  of  t h e  z e n i t h  

d i s t a n c e s  d id  not exceed 35 '  wi th  temperature  o s c i l l a t i o n s  w i t h i n  t h e  l i m i t s  

of 50' .  

Using t h e  d a t a  presented i n  Table 1, w e  o b t a i n  t h e  f i n a l  va lues  of  t h e  

d i s t a n c e s  between each p a i r  o f  h o r i z o n t a l  l i n e s  of  t h e  micrometer g r i d  

(Table 2). 

TABLE 2. 

Line Line 
N o .  Dis tance N o .  Distance 

- . _ _ .  -. .-

1-2 20.0000
a5 

7- 8 20.0135 
2 2  

2-3 19.9900 8- 9 13.9895 
2 5  -C6 

3-4 20.0098 9-10 20.0075 
2 3  -c3 

4-5 19.9948 10-1 1 19.9808 
t 5  %5 

5-6 20.0035 11-12 20.0257 
2 4  2 3  

6-7 19.9833 12-13 19.9914 
+ 2  2 6  

Determination of t h e  Value of  a Screw Revolution of t h e  Ocular Micrometer 
- ... _------=--A . - . -. - . . __..- -

To determine a p re l imina ry  va lue  R ,  scale p a i r s  w e r e  set up as long as 

they  w e r e  not very wide; t h e  component of t h e  d i f f e r e n c e  of z e n i t h  d i s t a n c e s  

i n  t h e  p a i r s  does not exceed 120 r evo lu t ions .  Under t h e s e  cond i t ions ,  as 

ou r  i n v e s t i g a t i o n s  have shown, one can neg lec t  t h e  temperature  v a r i a t i o n s  of 
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t h e  d i f f e r e n c e s  between t h e  movable l i n e s .  The d e c l i n a t i o n s  and proper 

motions o f  t h e  stars w e r e  t a k e n  from t h e  Yale ca t a logue  [ll]. 

Ca lcu la t ions  o f  R w e r e  c a r r i e d  ou t  i n  t h e  fol lowing manner. The measured 

d i f f e r e n c e  i n  z e n i t h  d i s t a n c e s  of  t h e  stars is rep resen ted  by t h e  expression 

where 

i s  t h e  d i s t a n c e  between t h e  two l i n e s  by which s i g h t i n g s  w e r e  made so 

t h a t  one w a s  on t h e  first and t h e  o t h e r  w a s  on t h e  second star. 

These va lues  w e r e  t aken  from Table  2. For  example, i f  t h e  s i g h t i n g  w a s  c a r r i e d  

out  w i th  t h e  5 t h  and 9 t h  l i n e s ,  t hen  i n  such a c a s e  t = 79.9898 s c r e w  revolu

t i o n s .  The c o r r e c t i o n  f o r  d i f f e r e n t i a l  r e f r a c t i o n  A p  w a s  c a l c u l a t e d  from t h e  
2

equat ion A p  = & y  sec zbz, where z is t h e  z e n i t h  d i s t a n c e  o f  t h e  c e n t e r  of  t h e  

scale p a i r  and Az i s  t h e  d i f f e r e n c e  i n  z e n i t h  d i f f e r e n c e s  o f  t h e  components of 

t h e  p a i r ,  expressed i n  minutes of  arc .  The s i z e  o f  & y  s i n  1' f o r  va r ious  

va lues  of t h e  temperature  and t h e  atmospheric p re s su re  w e r e  t aken  from t h e  

t a b l e  presented i n  Yumi's a r t i c l e  [12]. Cor rec t ions  f o r  t h e  c u r v a t u r e  of  t h e  

p a r a l l e l  f o r  t h e  first and second stars are denoted by k1 and k2, r e spec t ive ly .  

Equating t h e  measured d i s t a n c e  i n  zen i th  d i s t a n c e s  (1 wi th  t h e  ca l cu la t ed , .  

i.e., t h e  d i f f e r e n c e s  i n  t h e  d e c l i n a t i o n s  of t h e  stars b1 - b2 reduced t o  t h e  

epoch of  t h e  obse rva t ions ,  w e  o b t a i n  t h e  following r e l a t i o n  f o r  t h e  d e r i v a t i o n  

of  t h e  va lue  of a s c r e w  r e v o l u t i o n :  

On t h e  b a s i s  of  t h e  r e s u l t s  of  t h e  obse rva t ions  of scale p a i r s ,  which 

w e r e  c a r r i e d  ou t  during December 1967 - January 1968, w e  ob ta ined  a pre

l imina ry  value R equal t o  21!'8791 f 0'.'0009. Some c h a r a c t e r i s t i c s  of t h e  stars 

which w e r e  joined as p a i r s  are presented i n  Table 3 ,  along with t h e  va lues  R 

c a l c u l a t e d  from t h e  obse rva t ions  o f  s e p a r a t e  scale p a i r s .  The numbers of t h e  

stars are shown according t o  t h e  Y a l e  c a t a logue  and t h e  number o f  obse rva t ions  

of a given p a i r  i s  denoted by n. 

Disregarding t h e  comparatively s m a l l  number of obse rva t ions  of  each p a i r ,  

t h e  agreement between t h e  s e p a r a t e  va lues  of R, as i s  evident  from Table 3,  
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TABLE 3 

. 

125 7.2 !P55fn 52"04' 
472 7.6 1 01 5240 3 21".8736 
713 7.6 35 51 35 
746 7.7 37 5206 2 
846 
668 

5.9 
6.2 

49
51 

51 46 
51 19 ,6832 

914 7.9 56 52 55 
914 7 X  2 00 5.3 28 ,8762 

1021 6:6 1 1  52 34 
, I >.: -., 15 5.a 13 -52 21 .8809 

1141 7.2 26 52 2 1  

I203 7.1 35 51 49 ,8809 

1281 7.9 46 51 25 

I297 7.2 4 6  52 09 .a762 


is s u f f i c i e n t l y  good. Th i s  i s  e v i d e n t l y  explained by t h e  adequacy of  t h e  

method of determining R from wide scale p a i r s ,  which has  a l r eady  been r epea ted ly  

mentioned i n  t h e  l i t e r a t u r e  [5 ,  7,  81. 

Subsequently,  w e  must d e r i v e  t h e  value of R from a considerably la rger  

amount o f  obse rva t iona l  m a t e r i a l ,  which it  i s  necessary t o  c a r r y  out under 

l a r g e  temperature  v a r i a t i o n s  i n  o r d e r  t o  determine t h e  temperature c o e f f i c i e n t s  

of t h e  value of a s c r e w  r e v o l u t i o n  of  t h e  o c u l a r  micrometer. 

W e  n o t e  i n  conclusion t h a t ,  as ou r  i n v e s t i g a t i o n s  have shown, t h e  b a s i c  

instrumental  c h a r a c t e r i s t i c s  of t h e  ZTL-180 zen i th - t e l e scope  of t h e  Po l t ava  

Observatory are very s i m i l a r  t o  t h e  corresponding c h a r a c t e r i s t i c s  of  t h e  

zen i th - t e l e scopes  a t  Pulkovo, Moscow, Blagoveshchenska, and o t h e r  places .  

In  p a r t i c u l a r ,  w e  should n o t e  t h e  very imporl-nt f a c t  t h a t  t h e  f a c t o r y  -/ 74  

succeeded i n  a t t a i n i n g  good temperature  compensation i n  t h e  p repa ra t ion  of t h e  

micrometer screw and t h e  g l a s s  p l a t e .  Th i s  has  g r e a t  s i g n i f i c a n c e  f o r  t h e  

obse rva t ions  of z e n i t h  s ta rs  and t h e  determinat ion of R from wide s c a l e  p a i r s .  
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THEORY OF THE DETERMINATION OF TUBE FLEXURE 
WITH THE USE OF AUTOCOLLIMATION 

A.S. m a r i n 1  

ABSTRACT: The au tho r  cons ide r s  t h e o r e t i c a l l y  t h e  dependence 
between t h e  ang le  of  r o t a t i o n  of  t h e  f l a t  mi r ro r ,  r i g i d l y  
f a s t ened  t o  t h e  o b j e c t i v e  cas ing ,  and t h e  bend angle  of t h e  
o b j e c t i v e  end of  t h e  tube. 

On t h e  b a s i s  o f  t h i s  dependence, t h e  au toco l l ima t ion  angle  
i s  represented by a l i n e a r  func t ion  of t h e  bend ang le s  of 
both ends of  t h e  tube. It enables  t h e  d i f f e r e n t i a l  f l e x u r e  
of t h e  tube  t o  be determined by means of measuring t h e  auto
c o l l i m a t i o n  ang le  by a f l a t  mi r ro r  f a s t ened  be fo re  t h e  
o b j e c t i v e  g l a s s  and t h e  bend a n g l e  of t h e  eye-piece of t h e  
tube  by a c o l l i m a t o r  placed i n  t h e  cube. 

The au tho r  proposed t h e  u s e  f o r  determining t h e  tube  f l e x u r e  of t h e  

Vanshaff v e r t i c a l  c i r c l e  of au toco l l ima t ion  from a f l a t  mi r ro r  f a s t ened  on a 

mounting i n  f r o n t  of  t h e  o b j e c t i v e  i n  combination with an independent de t e r 

mination of t h e  bending of t h e  o c u l a r  end of t h e  tube  with t h e  h e l p  of  a 

c o l l i m a t o r  mounted on a cube. I t  is  shown i n  t h e  paper c11 i n  p a r t i c u l a r  t h a t  

t h i s  method could become completely f a u l t l e s s  i f  it w e r e  poss ib l e  t o  determine 

t h e  deformational s t a t e  of t h e  tube  o r  e s t a b l i s h  t h e  r e l a t i o n  between t h e  angle  

of d e f l e c t i o n  of t h e  mi r ro r ,  which i s  r i g i d l y  f a s t ened  t o  t h e  o b j e c t i v e  mounting, 

and t h e  bending angle  of t h e  o b j e c t i v e  end of t h e  tube a t  va r ious  z e n i t h  d i s 

tances .  A s o l u t i o n  of t h e  second ve r s ion  of t h i s  problem i s  presented i n  t h i s  

paper. 

It i s  evident  t h a t  t h e  two ha lves  of t h e  tube of any meridian instrument 

can be represented i n  t h e  form of two a r m s  wi th  an i n s e t  i n  t h e  c e n t r a l  p a r t  -/75 
of t h e  tube  o r  i n a c u b e  and loaded a t  t h e  f r e e  end of one arm by t h e  weight of 

t h e  o b j e c t i v e ,  and a t  t h e  end of t h e  o t h e r  arm by t h e  weight of t h e  micro

m e t e r .  The a c t u a l  weight of t h e  tube  should be considered as a uniformly d i s 

t r i b u t e d  load ,  and t h e  e f f e c t  of t h e  weight of  t h e  o b j e c t i v e  and t h e  micro

meter should be considered as concentrated.  

W e  d i s c u s s  now t h e  o p t i c a l  l ayou t  of t h e  method. The shape of t h e  tube  

is presented i n  Figure 1 by t h e  shape of i ts  c e n t r a l  l i n e  A'mOnB'. 0 i s  t h e  
. _ _  

1. Main Astronomical Observatory,  Ukrainian SSR Academy of Sciences.  
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1; 

Figure  1. O p t i c a l  l ayou t  o f  t h e  a u t o c o l l i m a t i o n  method. 

c e n t e r  o f  t h e  tube  o r  cube - t h e  po in t  which d i v i d e s  t h e  segment AB i n t o  t w o  

equal  ha lves .  AB i s  t h e  axis o f  symmetry o f  t h e  i d e a l  undeformed tube ,  which 

is assumed t o  co inc ide  wi th  t h e  s i g h t i n g  a x i s  o f  t h e  c o l l i m a t o r  which i s  

mounted i n s i d e  t h e  cube f o r  t h e  de te rmina t ion  of t h e  bending o f  t h e  o c u l a r  end 

of t h e  tube.  A' and A" are t h e  c e n t e r  o f  t h e  c r o s s  w i r e s  and i t s  autocol l imated  

image ,  r e spec t ive ly .  B'  i s  t h e  second main po in t  o f  t h e  o b j e c t i v e .  cy = AOAf 

and 8 = BOB' are, r e s p e c t i v e l y ,  t h e  bending a n g l e s  o f  t h e  o c u l a r  and o b j e c t i v e  

ends. NB' is t h e  normal t o  t h e  mirror  which is mounted i n  f r o n t  o f  t h e  ob

j e c t i v e  and r i g i d l y  f a s t e n e d  t o  i t s  nounting. @ i s  t h e  a n g l e  formed by t h e  

normal NB' w i th  t h e  AB axis. = A'B'A'' is t h e  a u t o c o l l i m a t i o n  ang le  measured 

as t h e  r a t i o  o f  t h e  d i s t a n c e  between t h e  d i r e c t  and r e f l e c t e d  i m a g e s  o f  t h e  

c r o s s  w i r e s  t o  t h e  f o c a l  l e n g t h  o f  t h e  o b j e c t i v e .  

As fo l lows  from F igure  1, t h e  a n g l e  between t h e  normal NB' and t h e  

s i g h t i n g  l i n e  A'B' is equal  t o  

Consequently, t h e  m g l e  Y is equal  +n t h e  doubled va lue  o f  t h i s  q u a n t i t y  

v=a-7+2@ (1)  

I n  t h e  d e r i v a t i o n  of t h i s  equa t ion  w e  neg lec t ed  e r r o r s  of t h e  second o r d e r  

which ar ise  because of t h e  r o t a t i o n  o f  t h e  f o c a l  p l ane  by an ang le  cy. This  

ang le  does no t  exceed 15-20" i n  normal cases. 

Thus, i f  t h e  q u a n t i t i e s  cy and y become known q u a n t i t i e s  from t h e  measure

ments, t hen  knowledge of t h e  ang le  @ i s  necessary  f o r  de te rmining  t h e  s i z e  of 
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t h e  d i f f e r e n t i a l  f l e x u r e  

The ang le  0 is t h e  ang le  formed by t h e  tangent  t o  t h e  c e n t r a l  l i n e  of  t h e  tube  

a t  t h e  point  of  attachment o f  t h e  m i r r o r  with t h e  AB a x i s .  It is p o s s i b l e  t o  

expres s  it i n  terms of  t h e  ang le  p i f  t h e  equat ion of  t h e  deformed c e n t r a l  

l i n e  of  t h e  o b j e c t i v e  p a r t  of t h e  t u b e  is known. 

The tube  of t h e  Vanshaff v e r t i c a l  c i rc le  c o n s i s t s  of  two i d e n t i c a l  ha lves  -/76 
of c y l i n d r i c a l  shape, molded i n  a cube, which p r e s e n t s  a thick-walled c y l i n 

d r i c a l  coupl ing wi th  t h e  t h i c k n e s s  of  t h e  w a l l s ,  s i g n i f i c a n t l y  exceeding t h e  

t h i c k n e s s  of  t h e  w a l l s  of each of  t h e  cy l inde r s .  The f r e e  ends of  each h a l f  

of t h e  tube  are f a s t ened  with supplementary r i n g s  and are terminated by com

p l e t e l y  i d e n t i c a l  r i n g  f l anges .  On t h e  b a s i s  o f  such cons t ruc t ion ,  and making 

an assumption about t h e  undeformabil i ty  of a cube and t h e  o b j e c t i v e  mounting 

t o g e t h e r  with p a r t  o f  t h e  t,ube, which i s  re in fo rced  by r i n g s ,  it i s  p o s s i b l e  

t o  present  t h e  fol lowing s t a t i c  model of t h e  tube (F igu re  2). 

F igu re  2. S t a t i c  model of  t h e  tube.  

H e r e  AC
0 

i s  t h e  deformed segment of  t h e  o b j e c t i v e  p a r t  of  t h e  tube  of 

uniform c r o s s  s e c t i o n  with a moment of  i n e r t i a  of t h e  t r a n s v e r s e  c r o s s  s e c t i o n  

I. OA and C
0

C are t h e  undeformed p a r t s  of  t h e  tube  - t h e  cube and t h e  ob

j e c t i v e  mounting t o g e t h e r  w i th  t h e  p a r t  of t h e  tube r e in fo rced  by r i n g s  and a 

f l a n g e ,  which it is a l s o  p o s s i b l e  t o  cons ide r  as undeformed and d i s c u s s  as p a r t  

of t h e  mounting. A i s  t h e  po in t  of  i n t e r s e c t i o n  of t h e  c e n t r a l  l i n e  with t h e  

f r o n t  plane of t h e  cube, which it  i s  p o s s i b l e  t o  cons ide r  as t h e  point  of  

attachment of t h e  a r m .  C
0 

is t h e  po in t  of connection of t h e  tube  with t h e  

mounting o r  t h e  l a s t  po in t  of t h e  deformed p a r t  of  t h e  tube.  P is t h e  re

s u l t a n t  weight of  t h e  undeformed p a r t s  o f  t h e  tube l o c a t e d  on i t s  o b j e c t i v e  

end - t h e  o b j e c t i v e ,  i t s  mounting, and t h e  s t r eng then ing  r i n g s  and f lange.  

C '  i s  t h e  po in t  of a p p l i c a t i o n  of t h e  r e s u l t a n t  P. Po = qL0 i s  t h e  weight 

of t h e  deformed uniform p a r t  of  t h e  o b j e c t i v e  end of  t h e  tube  ( 1  0 
i s  t h e  

I 
I 



-- 
-- 

l eng th  of  t h i s  p a r t  and q i s  t h e  s t r e n g t h  of a uniformly d i s t r i b u t e d  load) .  

The d i f f e r e n t i a l  equat ion of  t h e  c e n t r a l  ( e l a s t i c )  l i n e  of  t h e  a r m  i n  

t h e  r e c t a n g u l a r  system of c o o r d i n a t e s  yC'z (Figure 3 )  h a s  t h e  form 

E l  d 2 y-=M (z) ,  
dZ2 

where 

E i s  t h e  modulus of  e l a s t i c i t y  of t h e  arm's material and M(z) i s  t h e  

bending moment. 

A s  a r e s u l t  of  i n t e g r a t i n g  Eq. ( 3 )  t h e  -/77 

angle  of r o t a t i o n  of  t h e  c r o s s  s e c t i o n  and 

I t h e  bending y i e l d  t h e  expres s ions  

(2) 	 I [M ( ,z)dz-l-L),I ( 4I 
E d  d 

1 "  '> 

y ( z )  = 1 dz 1 /PI (2)ds+D,z-t-D, 1 . ( 5 )  
BP 

The c o n s t a n t s  of  i n t e g r a t i o n  and Eqs. ( 4 )  
Figure  3 .  Auxil iary sketch f o r  and (5) are determined from t h e  boundary
t h e  d e r i v a t i o n  of  t h e  equat ion 
of  t h e  e l a s t i c  l i n e .  condi t ions.  

W e  now f i n d  t h e  q u a n t i t i e s  01 and y1 a t  t h e  point  C0 under t h e  in f luence  

of a concentrated f o r c e  app l i ed  a t  t h e  point  C' and O,, y2 f o r  t h e  s a m e  point  

under t h e  in f luence  of a uniformly d i s t r i b u t e d  f o r c e  P0. To f i n d  t h e  f i r s t  

p a i r  of values  01 and y1 w e  t a k e  t h e  o r i g i n  of t h e  r e c t a n g u l a r  system a t  t h e  

po in t  C'. The bending moment from t h e  concentrated f o r c e  P i n  t h i s  ca se  is 

.M, ( z )  =--Pz. 

Eq- ( 3 )  i s  w r i t t e n  i n  t h e  form 

and t h e  Eqs. ( 4 )  and ( 5 )  r e s p e c t i v e l y  are 

and 

The p o i n t s  of clamping of t h e  arm, t h e  angle  of r o t a t i o n ,  and t h e  bending a r e  

equal t o  zero f o r  t h e  point  A. Therefore,  t h e  boundary c o n d i t i o n s  are w r i t t e n  

i n  t h e  form 

1 0 4  



A f t e r  t h e i r  s u b s t i t u t i o n  i n t o  (7) and ( 8 )  w e  f i n d :  

W e  o b t a i n  t h e  va lues  0, and y1 sought a f t e r  s u b s t i t u t i o n  i n t o  (7) and ( 8 )  of  

t h e  va lue  z = A t  0 - t h e  c o o r d i n a t e s  of t h e  point  C0 i n  t h e  accepted s y s t e m  of  

coord ina te s  and t h e  va lues  D and D2 found:1 

Pi2y - -_-0 (2f0+3Al , ) .  (10)
l - 6EI  

To d e t e c t  t h e  e f f e c t  on t h e  point  C0 of a uniformly d i s t r i b u t e d  load with -/78 

a s t r e n g t h  q = - P" 
I o  

w e  d i s c u s s  a s i m i l a r  system of coord ina te s  with t h e  o r i g i n  a t  t h e  point  C
0. 

The bending moment i n  t h e  z c r o s s  s e c t i o n  is  

,&I ( z )  = -q - 
n '
d 

and Eq. (3)  is w r i t t e n  t h u s :  

The boundary c o n d i t i o n s  f o r  t h e  same po in t  A which has  i n  t h e  new system t h e  

coord ina te  z = t 
0 

are  s i m i l a r l y  
@ ( l o )  = 0, 
Y (/,,I = 0. 

The ang le  of r o t a t i o n  and t h e  bending a t  t h e  point  C
0 

with Coordinate z = 0 

a f t e r  t h e  s u b s t i t u t i o n  i n t o  t h e  f i r s t  and second i n t e g r a l s  of Eq. (11) o f  t h e  

corresponding va lues  of  t h e  c o n s t a n t s  of i n t e g r a t i o n  and t h e  va lues  z = 0 are 

found t o  be  t h e  fol lowing:  

(12) 

Thus t h e  t o t a l  ang le  of  r o t a t i o n  Co under t h e  e f f e c t  of concentrated and 

...- ... . . .. . ..__..... . .. 



uniformly d i s t r i b u t e d  l o a d s  is found according t o  t h e  Eqs. (9) and (12) t o  be 

(14) 

The t o t a l  bending a t  t h e  same p o i n t ,  according t o  (10) and (131, is 

0 0  
(Figure 41, t h a t  f o r  s u f f i c i e n t l yFurthermore, not ing from t h e  t r i a n g l e  AC B 

s m a l l  B 
0 -+= P o ,  

t h e  Eq. (1.5) i s  w r i t t e n  as fo l lows :  

Equating now t h e  r e l a t i o n s  o f  t h e  l e f t  and r i g h t  p a r t s  of Eqs. (14) and (161, 

If t h e  po in t  of  a p p l i c a t i o n  o f  t h e  r e s u l t a n t  and a l s o  t h e  2nd main point  of  t h e  

o b j e c t i v e  would co inc ide  wi th  t h e  po in t  C
0 

- t h e  end of t h e  deformed p a r t  of -/ 7 9  

t h e  tube,  t hen  t h e  d e s i r e d  r e l a t i o n  of t h e  ang le s  0 and $ would be represented 

by t h e  expressions 

Since,  however, such a c o n d i t i o n  cannot be f u l f i l l e d  by an a c t u a l  instrument,  

t h e n  it i s  poss ib l e  t o  d i s c u s s  Eq. (18) on ly  as an approximate form. The exact  

dependence should be found from Eq. (17) by r ep lac ing  t h e  ang le  $, by i t s  ex

p res s ion  i n  t e r m s  of  t h e  ang le  $. W e  make t h i s  t r a n s i t i o n  i n  two s t e p s ,  f i r s t  

going from t h e  angle  $, t o  t h e  ang le  $ I .  

L e t  to be t h e  l eng th  of  t h e  deformed p a r t  of  t h e  tube  and 6 be h a l f  t h e  

l eng th  of t h e  cube. I f  t h e s e  q u a n t i t i e s  are known t o  u s ,  t hen  t h e  r e l a t i o n  

between t h e  ang le s  Bo andB I ,  as can e a s i l y  be  seen from t h e  t r i a n g l e s  

0 0  
and OBoCo (see F igure  41, are represented by t h e  expressionAB C 
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and t a k i n g  i n t o  account (19) 

is w r i t t e n  i n  t h e  form 

0 =kp’, 

where 

F i g u r e  4. Auxi l i a ry  ske tch  f o r  t h e  
d e r i v a t i o n  of t h e  r e l a t i o n  between (211 
t h e  a n g l e s  8, and B .  

For t h e  t r a n s i t i o n  from t h e  ang le  $ I  t o  t h e  ang le  $ w e  next  c o n s i d e r  t h e  

t r i a n g l e s  OC B0 0  and OCB and set up  t h e  equat ion  

where 

1 = 10 + 6 i s  t h e  l e n g t h  o f  t h e  tube  from t h e  c e n t e r  o f  t h e  cube t o  t h e  

po in t  where t h e  o b j e c t i v e  mounting i s  a t t a c h e d ;  

A t  = C
0

C 	 i s  t h e  p a r t  of t h e  o b j e c t i v e  mounting from t h e  poin t  of r e i n 

forcement t o  t h e  2nd main p o i n t ;  and 

A 
Y 

= CB - C  B i s  t h e  s i z e  of t h e  s h i f t  of t h e  2nd main poin t  w i th  r e s p e c t
0 0  

t o  t h e  p o i n t  B0 because of r o t a t i o n  of t h e  o b j e c t i v e  

mounting by an ang le  0. 

It i s  ev iden t  t h a t  
Ay= A1 sin 0. 

S u b s t i t u t i n g  i n t o  ( 2 2 )  i n  p l a c e  01 y and A y  t h e i r  approximate v a l u e s  

r/=lP‘, 
Ay =A l e ,  

w e  o b t a i n  wi th  s u f f i c i e n t  accuracy  f o r  u s  

O r ,  a f te r  t h e  replacement of 0 by i ts  va lue  from (20) w e  o b t a i n  

From t h i s  w e  have 
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S u b s t i t u t i n g  (25) i n t o  (201, w e  o b t a i n  

( 2 6 )  

Eq. ( 2 6 )  r e p r e s e n t s  t h e  d e s i r e d  r e l a t i o n  between t h e  a n g l e s  @ and B.  

W e  now t u r n  t o  Eq. (1) and i n s e r t  i n  it t h e  va lue  of  @ from Eq. ( 2 6 ) .  

A f t e r  rearrangements w e  f i n d  
-;=a+/q$, 

(23) 

where 
(28 1 

Thus, it fol lows from Eq. (27) t h a t ’ t h e  au toco l l ima t ion  a n g l e  y is expressed 

by a l i n e a r  func t ion  of t h e  q u a n t i t i e s  ~y and fl - t h e  ang le s  of  bending of  t h e  

o c u l a r  and o b j e c t i v e  ends of t h e  tube. 

The constant  k0 depends on ly  on t h e  geometrical  dimensions and weight charac

te r i s t ics  of  t h e  tube  and, consequentiy,  cannot change i f  t h e  l a t t e r  q u a n t i t i e s  

remain unchanged. I t  a l s o  fo l lows  from Eqs. (21) and (28) t h a t  t h e  q u a n t i t y  k0 
cannot change i n  t h e  event of change of  p o s i t i o n  o f  t h e  t u b e  i n  z e n i t h  d i s t ance .  

Example. On t h e  b a s i s  of  t h e  measurements made of  t h e  Vanshaff v e r t i c a l  

c i rc le  it  w a s  found: P = 175.20 n; P0 = 70.58 n ;  l o  = 814.0 mm; A t o  = 134.8 mm; 

6 = 218.4 mm; 1 = 1032.4 mm; and A t  = 227.6 mm. I n  c a l c u l a t i n g  t h e  weight P0 
t h e  s p e c i f i c  weight is t aken  as 8120 kg/m 3 , (b ra s s  t u b e ) ,  and i n  t h e  c a l c u l a t i o n  

of  t h e  q u a n t i t y  A t  w e  took 

I+ AI -
1 F,
2 

where 

F i s  t h e  f o c a l  l eng th  o f  t h e  ob jec t ive .  

On t h e  b a s i s  of t h e  d a t a  presented it w a s  found t h a t  

ko =2.3788, 

and, consequently,  Eq. (27) f o r  t h e  tube of  t h e  Vanshaff v e r t i c a l  c i rc le  t a k e s  

t h e  form 

y=a+2.3788 p. (29)  

Eq. (29) i s  obtained f o r  t h e  case of t h e  abs’ence of a d d i t i o n a l  weights on t h e  

tube.  Small a d d i t i o n a l  weights  hung on t h e  tube  f o r  adjustment of  t h e  amount 

of  d i f f e r e n t i a l  f l e x u r e  affects ko r a t h e r  i n s i g n i f i c a n t l y .  W e  p re sen t  t h e  
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values  of  t h e  q u a n t i t y  k0 f o r  t h e  case of  loading of t h e  o b j e c t i v e  end of 

t h e  t u b e  by s tandard counterweights with weights of 10.80 and 27.53 N; 
P k0 

10.80 2.3771 
27.53 2.3781 

Bearing i n  mind t h e  s i m p l i f i c a t i o n  made i n  t h e  d e r i v a t i o n  of Eq. (27) and -/a1 
a l s o  t h e  f a c t  t h a t  t h e  o r i g i n a l  d a t a  w e r e  taken from approximate measurements, 

it is impossible t o  cons ider  t h e  value of  k0 found by such a method as t h e  

f i n a l  one. The f i n a l  value of  t h e  q u a n t i t y  k0 should be taken  from a com

par i son  of t h e  r e s u l t s  of  d i r e c t  measurements of t h e  q u a n t i t i e s  cy and Y with 

t h e  amount of  f l e x u r e  i n  t h e  h o r i z o n t a l ,  which can be obtained with t h e  h e l p  

of  hor izonta l  co l l imators .  

It  i s  p o s s i b l e  a l s o  t o  f i n d  t h e  q u a n t i t y  k0 by a d i r e c t  measurement of 

t h e  bending of t h e  ends of t h e  t u b e  and t h e  amount of autocol l imat ion,  approxi

mately t h e  s a m e  as was done by N. Hansson during an i n v e s t i g a t i o n  of t h e  f l e x 

u r e  of t h e  meridian c i r c l e  of  t h e  Lund Observatory [Z ] .  
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PHOTOEXPOSURE "L'ER FOR PHOTOGRAPHIC 
RECORDING OF CIRCLE READINGS 

A.M. Stafeyev and I . N .  Nabokov1 

ABSTRACT: A photoe lec t r ica l  apparatus is suggested t o  be 
used f o r  choosing exposure during photographing t h e  
meridian circle limb. The authors  made such an apparatus 
and ca l l ed  it photoexposimeter. A descr ip t ion  of t h i s  
apparatus and i t s  design are presented. 

The q u a l i t y  o f  t h e  p l a t e s  obtained, on which t h e  accuracy of t h e  c i r c l e  

readings e s s e n t i a l l y  depend, is of p a r t i c u l a r  s ign i f icance  f o r  providing highly 

s implif ied observations of t h e  dec l iha t ions  of Stars i n  t h e  case of photographic 

recording of t h e  c i rc le  readings. 

p a r t i c u l a r  a t t e n t i o n  should be paid during t h e  preparation of photomicro

scopes, t o  t h e  system of i l lumirlation of t h e  graduated c i r c l e ,  which should 

ensure obtaining br ight  l i n e s  with sharp edges and a dark background between 

l i n e s  on a fine-grained plate .  

Since a circle reading is an average reading from 4 t o  6 photomicroscopes, 

t h e  q u a l i t y  of  t h e  images of t h e  c i r c l e  d iv is ions  on a l l  t h e  p l a t e s  should be 

ident ica l .  

A t  t h e  present t i m e  i n  a l l  photographic systems of c i r c l e  readings f ix ing  

t h e  qua l i t y  of t h e  images of t h e  l i n e s  of a graduated c i r c l e  on t h e  surface of 

t he  emulsion of t h e  p l a t e  and a l s o  the  determination of t he  in t ens i ty  and uni

formity of i l lumina t ion  i s  ca r r i ed  out e i t h e r  simply v i sua l ly  by means of a 

microphotoadaptor o r  from t h e  v i s i b l e  image on a d i f fuse  screen mounted i n  t h e  

plane of t h e  plate .  

Thus, it is very d i f f i c u l t  t o  determine a t  once the  amount of exposure 

f o r  a given i n t e n s i t y  and tmiformity of i l luminat ion.  Therefore, these  quan

t i t i es  are se lec ted  by obtaining several  photographs f o r  each adjustment. Much 

t rouble  and t i m e  accompanies t h i s  operation. 

In addi t ion,  t h e  d i f f i c u l t y  of visua l  f i x a t i o n  includes y e t  t he  f a c t  

t h a t  t h e  i n t e n s i t y  of t h e  i l luminat ion should be iden t i ca l  f o r  a l l  photo-
_ __ _ _  

1. Odessa Astronomical Observatory. 
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t h e  a r e  

microscopes. 
Z J 

Therefore,  ifi 1967 w e  cons t ruc ted  and prepared a p h o t o e l e c t r i c a l  apparatus  ,~ 
(photoexposure meter) which would r a p i d l y  and a c c u r a t e l y  record  t h e  i n t e n s i t y  

and nonuniformity of  t h e  i l lumina t ion .  
.;a 

The photoexposure meter c o n s i s t s  of  a rece iv ing  instrument ,  an ampl i f ie r ,  

and a recording device (photograph). 

The rece iv ing  instrument c o n s i s t s  of a p l a t e  ho lder  and an FD-2 photodiode. 

The p l a t e  ho lder  se rves  f o r  t h e  attachment and adjustment of t h e  displacement 

of  t h e  F D - 2  along t h e  a p e r t u r e  of t h e  frame. The l i g h t - s e n s i t i v e  s l i t  of t h e  

FD-2 with a diameter of  around 1 mm permits  determining t h e  nonuniformity of 

i l lumina t ion  over  t h e  e n t i r e  f i e l d  of t h e  frame. 

-15v 
r The a m p l i f i e r  p a r t  o f  t h e  photo-

exposure meter is composed of  two s e m i 

conductor t r i o d e s  of  t h e  ~ 1 6 Btype. A 

P16B potentiometer R5 and a recording appar

- a of t h e  l a t t e r  i n  t h e  c o l l e c t o rd?f[f:$Jf l;j[ a t u soutputmicroammeter - placed a t  

5 - - F D - 2  305 R 

i '[+) 
__ -Q c i r c u i t .  

L d a  

The photoexpostre m e t e r  opera tes  
F igure  1. Photoexpostme m e t e r .  i n  t h e  fol lowing way. The l i g h t  re

f l e c t e d  from t h e  graduated c i rc le ,  passing through t h e  o p t i c a l  system of t h e  

photomicroscope and t h e  region of t h e  plane of t h e  p l a t e ,  f a l l s  on t h e  l i g h t -

s e n s i t i v e  l a y e r  of t h e  FD-2 photodiode, causing a photocarrent  on it. 

The cur ren t  from t h e  F D - 2  e n t e r s  t h e  ampl i f ie r ,  and from it - t h e  micro-

ammeter. The reading on t h e  scale of t h e  microammeter is proport ional  t o  t h e  

photocurrent which arises i n  t h e  photoelement which, i n  i t s  t u r n ,  i s  proport ional  

t o  t h e  i n t e n s i t y  of  t h e  l i g h t  f a l l i n g  on t h e  photoelement. 

For each s e t t i n g  of  t h e  F D - 2  along t h e  a p e r t u r e  of  t h e  frame, t h e  i n t e n s i t y  

and nonuniformity of t h e  i l lumina t ion  of t h e  graduated c i r c l e  are r e g i s t e r e d  by 

t h e  readings of  t h e  microammeter. 

It is d e s i r a b l e  t o  c a l i b r a t e  t h e  ad jus t ing  r e s i s t o r  R5 of t h e  photoexposure 

meter f o r  t h e  s e t t i n g  f o r  var ious  types  of p l a t e s .  I t  i s  necessary t o  note  t h e  
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readings of t h e  microammeter and t h e  amount of exposure. Furthermore, such 

ca l ib ra t ion  permits rapid adjustment of t h e  system of i l luminat ion and ac

quis i t io t i  of a p l a t e  of high qual i ty .  

The appl ica t ion  of t h e  photoexposure meter permits t h e  saving of much 

t i m e ,  l e ssens  t h e  e f f o r t ,  improves t h e  qua l i t y  of t h e  p l a t e s ,  and increases  t h e  

accuracy of t h e  recording of c i r c l e  readings. 
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INVESTIGATION OF THe PIVOTS OF THE MERIDIM CIRCLE 
OF THE ODESSA ASTRONOMICAL OBSERVATORY 

M. Yu. Volyanskaya and A.M. Stafeyev1 

ABSTRACT: The a r t i c l e p r e s e n t s  t h e  r e s u l t s  concerning t h e  
inves t iga t ion  of t h e  pivots  of t h e  meridian c i r c l e  i n s t a l l e d  
a t  t he  Odessa Astronomical Observatory. The inves t iga t ion  
w a s  car r ied  out by the  authors i n  October 1967. This work 
w a s  done i n  two pos i t ions  of t he  instrument using the  contact 
method by means of a l eve r  with a probe and a photomicroscope 
instead of a micrometer, The i r r e g u l a r i t i e s  of t h e  pivot 
r a d i i  are found i n  225. The values of col l imat ion correct iohs 
AC' are presented. 

This work w a s  undertaken i n  October 1967 i n  connection with the  observa- b/83 
t ione  with the  meridian c i r c l e  of t h e  r igh t  ascensions of ec l ips ing  stars and 

also because from t h e  t i m e  of t h e  preceding inves t iga t ion  almost 30 years had 

passed. The contact method adopted by 1;s was rea l ized  with the  he lp  of a l eve r  

with a probe.. 

The contact method described by Philippot c11 w a s  used f o r  t h e  invest igat ion 

of t h e  pivots  of t h e  Odessa meridian c i r c l e  by B.V, Novopashennyy i n  1937 and 

by B.V. Novopashehnyy and A.S. Tsesyulevich i n  1939. The inves t iga t ions  of 

1937 showed t h a t  t he  p ivots  have i r r e g u l a r i t i e s  of t h e  order  of 1 p. The pro

cessing of t h e  1939 observations was not completed. We u t i l i z e d  t h e  lever  which 

w a s  used i n  1937. A steel b a l l  with a diameter of 3 mm set-ved as the  probe on 

t h e  lever.  The l eve r  w a s  a l t e r ed  80 t h a t  the probe touched the  operating cross-

section of t h e  pivot a t  a point d i s t an t  by an angle of y = 22f5 from the  top. 

The f i r s t  nine harmonics of decomposition of t h e  curve of rad ius  correct ions 

Avi are determined more accurately a t  y = 22?5 than a t  y = O o ,  as is shown i n  

[ Z ]  and [ 3 J ,  and alse the  e f f e c t  of accidental  i r r e g u l a r i t i e s  is  decreased. A 

g las s  p l a t e  with a gr id  of horizontal  and ve r t i ca l  l i n e s  w a s  at tached t o  the  

measuring end of t he  lever.  A photomicroscope C41, i n  which c ross  h a i r s  - a 

f ixed  index - w e r e  mounted between t h e  f i r s t  and second object ive,  w a s  used  t o  

record the  displacements of t h e  end of t h e  l ever  with the  g r id  of l ines .  A t  

1. Odessa Astronomical Observatory. 
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each s e t t i n g  of t h e  instrument  during an i n v e s t i g a t i o n  of  t h e  p i v o t s  t h e  f i x e d  

c r o s s  h a i r s  and t h e  l i n e s  changing t h e i r  p o s i t i o n  w e r e  ,photographed. Because 

of  a change i n  t h e  r a t i o  o f  t h e  a r m  of  t h e  l e v e r ,  an i n c r e a s e  by 14.6 t i m e s  

w a s  obtained i n  t h e  displacement o f  t h e  probe under t h e  a c t i o n  of  t h e  p ivo t  

i r r e g u l a r i t i e s .  A photo-opt ical  system gave a &-power magnif icat ion.  Thus, 

i n  t h e  event of  a displacement of  t h e  probe by 1 p a s e l e c t e d  t h r e a d  w a s  s h i f t e d  

by 58.4 p. An electrical  c o n t r o l  panel f o r  t h e  photographic system of recording 

c i rc le  readings w a s  used. The t i m e  o f  exposure w a s  5 seconds and t h e  rewinding 

of t h e  f i l m  w a s  2 seconds. It w a s  decided t o  f i n d  t h e  i r r e g u l a r i t i e s  of  t h e  

ope ra t ing  c r o s s  s e c t i o n  o f  t h e  p i v o t s  a t  every 2Z5 - 144 r a d i u s  c o r r e c t i q n s  i n  

a l l .  Two obse rve r s  p a r t i c i p a t e d  i n  t h e  measurements: one r o t a t e d  t h e z a x i s  by 

a c o n t r o l  wheel, s e t t i n g  t h e  instrument  by t h e  f i n d e r  s c i rc le  through 22Z5 and 

t h e  o t h e r  observer  photographed and recorded t h e  read ngs and notes .  Measure

ments with r o t a t i o n s  of t h e  i n s t r u m e n t ' s  a x i s  by 22Z5 from Oo t o  360" and back 

en te red  i n t o  one series. Each p ivo t  w a s  i n v e s t i g a t e d  s e p a r a t e l y  on each support .  

Four c y c l e s  of measurements w e r e  obtained with n ine  s r ies  each which begin from 

Oo, 225; 5", ..., 20°. The i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  over  f o u r  days. The 

temperature  i n  t h e  p a v i l i o n  s t ayed  w i t h i n  t h e  l i m i t s  of  l l - 1 7 " C .  I n  t h e  course 

of  one series of  measurements, which occupied 15 minutes,  t h e  temperature  w a s  

p r a c t i c a l l y  unchanged. The p i v o t s  and t h e  suppor t s  w e r e  not exposed t o  any 

changes, and t h e  instrument  w a s  i n  ope ra t ing  condi t ion.  

1188 f r a m e s  of  f i l m  w e r e  obtained. The measurement w a s  f r e q u e n t l y  c a r r i e d  

ou t  by two people on a measuring machine [4] with an accuracy of 9 . 5  IJ..The 

mean square e r r o r  of a s i n g l e  measurement according t o  i n t e r n a l  agreement w a s  

equal t o  kO.0012 and t h e  mean square e r r o r  of  a s i n g l e  reading during t h e  

i n v e s t i g a t i o n  o f  t h e  p i v o t s  w a s  equal t o  -10.02 -10.03 p.  I n  t h e  course o f  

f u r t h e r  r educ t ion  a f t e r  c o n s i d e r a t i o n  of t h e  magnif icat ion scale i n  eac~hseries,  

a mean of t h e  d i r e c t  and r e v e r s e  runs  w a s  c a l c u l a t e d ,  t hen  l i n e a r  compensation 

w a s  c a r r i e d  ou t  and t h e  mean f o r  t h e  series w a s  computed:
1G 


1 
%lo = -

I6 . 
The d e v i a t i o n  o f  each reading from t h e  mean f o r  t h e  series appears  t o  b e  t h e  

r e s u l t  of  t h e  t o t a l  e f f e c t  of  t h e  p ivo t  i r r e g u l a r i t i e s  a t  t h e  t h r e e  points of  

c o n t a c t  w i th  both b e a r i n g s  o f  t h e  support  and with t h e  measuring probe. Thus, 
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t h e  displacement of  t h e  probe i s  Li = V 1 - V0' On t h e  o t h e r  hand, 

L ,  =Ar,+0.3S3A.ri,,,?.s +0.923Afi+.,020.5 

where i=O", 22".5,.. ., 337g.5, 

A ri 	 are t h e  p ivo t  e r r o r s ,  i.e., t h e  d e v i a t i o n s  of  t h e  separate r a d i i  of 

t h e  p i v o t s  from t h e  mean of t h e i r  value. 

So w e  obtained a system of  16 equa t ions  with t h r e e  unknowns. The d i s t i n c t i v e  

f e a t u r e s  of  t h e  s o l u t i o n  of such a system of  equa t ions  are d i scussed  i n  t h e  

papers  [3] and [5]. For  a s i n g l e  series of  measurements it is necessary t o  

s o l v e  by means of  c o r r e l a t i o n  of  t h e  16 systems and t a k e  t h e  a r i t h m e t i c  average 

of t h e  s o l u t i o n s  obtained. For  t h e  f o u r  c y c l e s  i t  is necessa ry  t o  so lve  576 
systems. These c a l c u l a t i o n s  w e r e  c a r r i e d  on t h e  "Ural-2" machine of t h e  Odessa 

S t a t e  University.  As a c o n t r o l ,  t h e  va lues  of  A r  i w e r e  c a l c u l a t e d  p a r t l y  from 

t h e  equa t ions  f o r  t h e  a r i t h m e t i c  mean presented i n  [31. But p r i o r  t o  t h e  solu

t i o n  o f  t h e  systems of equa t ions  t h e  s i n u s o i d a l  wave w a s  excluded from t h e  val

ues  L i .  The appearance of  a s i n u s o i d a l  t e r m  i n  t h e  v a l u e s  L
i 

w a s  noted i n  par

t i c u l a r  i n  t h e  papers  [5] and [6], whose au tho r s  cons ide r  i t  t o  be  t h e  r e s u l t  of  

t h e  e f f e c t  of  t h e  i n c l i n a t i o n  of t h e  a x i s  o r  some o t h e r  reasons.  The exc lus ion  

o f  t h e  s inuso ida l  v a r i a t i o n  from t h e  va lues  L. w a s  c a r r i e d  ou t  by t h e  exclusion 
1 


o f  e i t h e r  a s inuso id  whose parameters w e r e  found from on ly  16  va lues  e n t e r i n g  

i n t o  a s i n g l e  series o r  a common s inuso id  whose parameters w e r e  found from a l l  

144 va lues  of  t h e  cycle.  W e  c a l c u l a t e d  t h e  s i n u s o i d a l  v a r i a t i o n  by both methods, 

but  on ly  s inuso ids  from each series w e r e  excluded, s i n c e  t h e  amplitude of  t h e  

common s inuso id  w a s  S.036 i n  a l l ,  i.e., of  t h e  o r d e r  of t h e  accuracy of t h e  

measurements. I ts  e f f e c t  on t h e  general  v a r i a t i o n  of t h e  Li w a s  n e g l i g i b l e ;  

t h e r e f o r e  t h e  n e c e s s i t y  o f  t a k i n g  it  i n t o  account vanished. The va lues  ob

t a i n e d  f o r  L. appeared as  f r e e  terms i n  t h e  system of equa t ions  from which t h e  
1 

A r  i w e r e  found. 

Knowing t h e  pivot  i r r e g u l a r i t i e s  A r  i' w e  found t h e  displacement of  t h e  

c e n t e r  o f  each pivot  [7 ] :  
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Having found s i m i l a r  q u a n t i t i e s  f o r  t he  other  pivot and forming t h e  d i f fe rences  

of t h e  displacements of t h e  cen te r s  of both pivots  f o r  i den t i ca l  pos i t ions  of 

t h e  instrument i, w e  obtained t h e  s h i f t  of t h e  horizontal  ax i s  A i  i and hki. -/85 
The e r r o r  i n  col l imat ion w a s  ca lcu la ted  from t h e  equation: 

A i .  cos z -+ hi:. sin z
AcS .= -2 ... -!-..-

Dsin lS 
where 

D is t h e  length of t h e  horizontal  ax i s  of t h e  meridian c i r c l e  and is 

equal t o  958 x 103 
p. 

s

The values of t h e  col l imat ion cor rec t ions  dc f o r  two pos i t ions  of t h e  

instrument are presented i n  Figure 1. 

Figure 1. 

A comparison with t h e  r e s u l t s  of preceding inves t iga t ions  shows t h a t  t h e  

p ivots  of t h e  Odessa meridian c i r c l e  a re  subject to s ign i f i can t  wear. 
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CHROMATIC CURVE OF THE OBJECTIVE OF THE AVR-2 

B.F. Sincheskul and V.N. Sincheskul 1 

ABSTRACT: The r e s u l t s  a r e  presented on t h e  i n v e s t i g a t i o n  of 
chromatic a b e r r a t i o n s  of  t h e  r e f r a c t o r  AVR-2 objec t -g lass  of 
t h e  Pol tava Observatory. The chromatic a b e r r a t i o n  of p o s i t i o n  
w a s  i n v e s t i g a t e d  by t h r e e  var ious  methods: a )  according t o  t h e  
Hartman scheme with appl ica t ion  of narrow-band i n t e r f e r e n c e  
f i l t e r ;  b)  by photos taken with d i f f r a c t i o n  g r a t i n g ;  c )  by 
photos with an o b j e c t i v e  prism. The combination of t h e s e  
methods enabled one t o  c a r r y  out  t h e  i n v e s t i g a t i o n  i n  a wide 
range of wave l e n g t h s  as w e l l  as t o  compare t h e  r e s u l t s  ob
t a i n e d  by t h r e e  methods d i f f e r e n t  i n  p r i n c i p l e .  The value of  
chromatic a b e r r a t i o n  i s  dS1 = -0.5 mm (on t h e  average) ,  t h e  
length  of t h e  secondary spectrum is  dSk = 1.4 mm (47D10-5 F ) .  
The chromatic d i f f e r e n c e  of magnification was est imated by 
photos of  wide p a i r s  of s t a r s  with d i f f e r e n t  s p e c t r a l  c l a s s e s  
of p a i r  components. 

I n  t h i s  a r t i c l e  t h e  results of an i n v e s t i g a t i o n  of t h e  chromatic aberra

t i o n s  of  t h e  o b j e c t i v e  of t h e  AVR-2 r e f r a c t o r  of t h e  Pol tava Observatory a r e  

expounded, which complete t h e  i n v e s t i g a t i o n  of i t s  fundamental c h a r a c t e r i s t i c s  

which have been published ear l ier  [ l l .  

The i n v e s t i g a t i o n  of t h e  chromatic a b e r r a t i o n  of p o s i t i o n  was c a r r i e d  

out  by t h r e e  d i f f e r e n t  methods, t h e  r e s u l t s  of which p a r t i a l l y  overlapped and 

supplemented each o t h e r :  

by t h e  Hartman method with t h e  u s e  of narrow-band i n t e r f e r e n c e  f i l t e r s ;  

from photographs with a d i f f r a c t i o n  gra t ing ;  

from photographs with an o b j e c t i v e  prism. 

During t h e  i n v e s t i g a t i o n  of  t h e  o b j e c t i v e  by t h e  Hartman method [2]  it 

was necessary t o  prepare a new diaphragm, s i n c e  t h e  former one (with an a p e r t u r e  

of 9 mm) admitted t o o  l i t t l e  1 ght ,  which would r e s u l t  i n  excess ive ly  long ex

posures. The diameters of t h e  a p e r t u r e s  of t h e  diaphragm w e r e  increased t o  20 

mm, and t h e  number of zones w a s  decreased t o  f i v e .  The d i s t r i b u t i o n  of t h e  

diaphragms over t h e  zones and p o s i t i o n  angles  i s  presented i n  Table 1. The 

1. Pol tava Gravimetric Observatory,  Ukrainian SSR Academy of Sciences. 
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TABLE 1. 

diaphragm w a s  centered on t h e  mounting so t h a t  t h e  main o p t i c a l  a x i s  of t h e  

o b j e c t i v e  passed through t h e  c e n t e r s  of t h e  zones. It is p o s s i b l e  t o  c a r r y  out  

s u i t a b l e  center ing  with s u f f i c i e n t  accuracy by t h e  method expounded i n  an 

a r t i c l e  by E.A. Gurtovenko C31. 

Nine i n t e r f e r e n c e  f i l t e rs  which admitted t h e  s p e c t r a l  region 442-700 nm 

w e r e  used as re ference  marks f o r  wavelengths. The c h a r a c t e r i s t i c s  of t h e  

f i l t e rs  are presented i n  Table 2. The f i l t e r s  w e r e  mounted i n  a bushing pre

pared e s p e c i a l l y  f o r  them which was placed i n  t h e  p l a t e h o l d e r  a t  t h e  p lace  

where t h e  opera t ing  l i g h t  f i l t e r  w a s  u s u a l l y  located.  

I n i t i a l l y ,  a corresponding type  of photographic p l a t e  w a s  s e l e c t e d  f o r  

each f i l t e r .  However, i t  w a s  soon noted t h a t  due tQt h e  narrow-band f i l t e rs  

it  is  p o s s i b l e  t o  o b t a i n  a l l  t h e  photographic d a t a  on panchromatic p l a t e s .  

S ince  t h e  s p e c t r a l  s e n s i t i v i t y  of t h e  l a t t e r  extends t o  only  660 nm, it w a s  

unfor tuna te ly  not p o s s i b l e  t o  o b t a i n  s a t i s f a c t o r y  photographs f o r  t h e  last  

f i l t e r ,  No. 9 (1 = 700 nm). 

TABLE 2. 

442 1 12 40 
4 65 10 33 
483 9 21 
550 12 40 
558 10 36 
593 9 13 
613 8 I3 

S 660 29 11 
9 700 : 15 34 

4 
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W e  photographed Vega (aLyrae).  The d i s t a n c e  between t h e  ex t r a - foca l  

photographs w a s  chosen equal t o  t h e  maximum s e p a r a t i o n  of  t h e  p l a t eho lde r  p a r t  

of  t h e  instrument ,  i.e., 100 m a .  Because of  t h e  asymmetry of t h e  p o s i t i o n  o f  

t h e  f o c a l  p l ane  of t h e  o b j e c t i v e  r e l a t i v e  t o  t h e  ends of  t h e  focusing scale, 

t h e  p re foca l  images of  t h e  diaphragm w e r e  obtained approximately t w i c e  as l a r g e  

as t h e  ex t r a - foca l  ones. The d i s t a n c e  between t h e  ex t r a - foca l  photographs w a s  

decreased f o r  some of t h e  more dense f i l t e r s  i n  o r d e r  not t o  i n c r e a s e  exces

s i v e l y  t h e  t i m e  o f  exposure. 

The p o s i t i o n  of  t h e  o p t i c a l  c e n t e r  of t h e  p l a t e  w a s  s h i f t e d  somewhat re

l a t i v e  t o  t h e  geometrical  c e n t e r  of  t h e  p l a t eho lde r ,  due t o  which it proved 

p o s s i b l e  t o  o b t a i n  bo th  i m a g e s  o f  t h e  diaphragm a t  t h e  o p t i c a l  c e n t e r  on a s i n g l e  

p l a t e  af ter  r o t a t i n g  it by 180°. About t h r e e  o r  f o u r  such p l a t e s  w e r e  obtained 

f o r  each f i l t e r ,  and s ix  p l a t e s  f o r  f i l t e r  No .  1. The measurements and t h e i r  

r educ t ion  w e r e  c a r r i e d  out  by t h e  usua l  method [2]. 

The p o s i t i o n  of  t h e  f o c a l  plane f o r  each p l a t e  w a s  found by means of aver

aging t h e  s e p a r a t e  va lues  of t h e  f o c i  f o r  t h e  f i v e  zones. They w e r e  p r o v i s i o n a l l y  

improved i n  a random r e s p e c t  i n  t h e  fol lowing way. S ince  t h e  s p h e r i c a l  a b e r r a t i o n  

of  t h e  o b j e c t i v e  w a s  a l r e a d y  i n v e s t i g a t e d  s u f f i c i e n t l y  w e l l ,  a corresponding 

t empla t e  which r e p r e s e n t s  a d i s t r i b u t i o n  curve of  t h e  focus  va lues  of t h e  ob

j e c t i v e  by zones w a s  prepared on a p i ece  of  t r a c i n g  paper. It w a s  compared 

wi th  t h e  measured d i s t r i b u t i o n  of  t h e  f o c i  by zones f o r  each p l a t e .  Such a 

comparison permit ted r ecogn i t ion  of crude e r r o r s  i n  t h e  measured va lues  of t h e  

f o c i  of  s e p a r a t e  zones and so permit ted improving them i n  a random respec t .  By 

measuring s p h e r i c a l  a b e r r a t i o n  f o r  d i f f e r e n t  wavelengths with t h i s  ope ra t ion ,  

it i s  appa ren t ly  p o s s i b l e  t o  n e g l e c t  it completely. In  Figure l a  t h e  d i f f e r 

ences AF between t h e  va lues  o f  t h e  f o c i  f o r  t h e  f i r s t  and f o u r t h  zones, where 

i t  is a maximum, are p l o t t e d  along t h e  v e r t i c a l  f o r  a l l  t h e  f i l t e r s  used. No 

s o r t  of  n o t i c e a b l e  dependence of  AF on )I i s  apparent.  These same d i f f e r e n c e s  

AF a f t e r  improvement of  t h e  f o c i  of  s e p a r a t e  zones are presented i n  Figure lb .  

A l l  t h e  photographic d a t a  w a s  obtained a t  z e n i t h  d i s t a n c e s  from 23" t o  

50" and one p l a t e  a t  z = 7 7 O .  The dependence of t h e  va lue  of t h e  f o c a l  l e n g t h  

of  t h e  o b j e c t i v e  on t h e  z e n i t h  d i s t a n c e  of  t h e  stars photographed w a s  revealed,  

namely: t h e  f o c a l  l eng th  of t h e  o b j e c t i v e  i n c r e a s e s  with an i n c r e a s e  i n  Z .  

The r e l a t i o n s  obtained f o r  t h e  f i v e  f i l ters  used are p l o t t e d  i n  Figure 2, where 
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t h e y  are denoted on t h e  f i g u r e  by var ious  symbols. The.dis tance between t h e  

p o i n t s  wi th in  t h e  l i m i t s  of  each f i l t e r  is equal t o  t h e  d i f f e r e n c e  i n  t h e  foca l  

l e n g t h s  of t h e  objec t ive .  The combinations of  p o i n t s  f o r  v a r i o u s  f i l t e r s  re

l a t i v e  t o  t h e  o r i g i n  of t h e  a b s c i s s a  a x i s  are p l o t t e d  a r b i t r a r i l y .  On t h e  b a s i s  

of  t h e  dependence found f o r  t h e  va lues  of t h e  foca l  length  of  t h e  o b j e c t i v e  ob

t a i n e d  from a l l  t h e  p l a t e s ,  t h e y  w e r e  presented f o r  a s i n g l e  z e n i t h  d i s t a n c e  

(30") and a l s o  f o r . a n  i d e n t i c a l  temperature a t  t h e  t i m e  of t h e  observa t ions  

(+lo").  The curve of chromatic a b e r r a t i o n  obtained i s  presented i n  Figure 3 (1). 

The filters permit ted an i n v e s t i g a t i o n  o f  t h e  behavior  of  chromatic aberra- /88 
t i o n  f o r  442-660 run. The absence of t h e  necessary photographic m a t e r i a l s  de

pr ived u s  of  t h e  p o s s i b i l i t y  of  continuing t h e  i n v e s t i g a t i o n  i n  t h e  d i r e c t i o n  

of longer  wavelengths. To extend it  i n  t h e  d i r e c t i o n  of  s h o r t e r  wavelengths 

w e  used t h e  method of  ex t ra - foca l  photographs with a d i f f r a c t i o n  g r a t i n g  [ 4 ] .  

The o b j e c t i v e  was covered by a diaphragm with two c i r c u l a r  a p e r t u r e s  40 mm i n  

diameter. The a p e r t u r e s  w e r e  s i t u a t e d  symmetrically with respec t  t o  t h e  c e n t e r  

of  t h e  diaphragm a t  t h e  i d e n t i c a l  d i s t a n c e  of 60 mm from it. P a r a l l e l  t o  t h e  

l i n e  j o i n i n g  ' the a p e r t u r e s ,  t h e  w i r e s  of t h e  d i f f r a c t i o n  g r a t i n g  w e r e  s t re tched .  

The diameter of t h e  w i r e s  was 0.24 mm, t h e  d i s t a n c e  between them w a s  0.26 mm, 

and t h e  gratSng cons tan t  w a s  d = 0.5 mm. 

Taking extra-focal  photographs of some b r i g h t  s t a r  o r  o t h e r  (as t h e  l a t t e r  

w e  aga in  s e l e c t e d  Vega) from both s i d e s  of t h e  foca l  plane,  w e  o b t a i n  on t h e  

p l a t e  both two images and a p a i r  of images  of t h e  s p e c t r a  of t h e  first o r d e r  
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on both s ides  of t h e  cen t r a l  image. 

The dis tance between t h e  spec t ra  determines the  posi t ion of t he  focal  plane 

F of the  object ive f o r  the se lec ted  wavelength A. L e t  these  d i s t m c e s  be k1 
and kZ, respect ively,  a t  both posi t ions of t h e  plate .  Then the  posi t ion of 

t h e  focal  plane is determined by the  expression 

kF,=F,+AF 1 
. k , i - k ,

where 

F1 i s  the  reading of t h e  focusing sca le  at  one of t he  positions of t h e  

p l a t e ;  and 

dF i s  the  dis tance between the  extra-focal photographs. 

The wavelength A i s  found from the  expression A = dE/F, where 1 is the  

dis tance of t he  selected port ion of t h e  spectrum from the  cent ra l  image and F 

i s  t h e  focal  length of the  object ive.  To simplify the  t r a n s i t i o n  from t h e  

measured dis tances  1 t o  A a t a b l e  i s  compiled where A has been calculated fro* 

the  equation A = 0.00016571-

The chromatic curve w a s  obtained by the  method discussed (see Figure 3 ,  2) .  

The points  of t h e  curve, as i n  the  preceding method, are presented f o r  z = 30' 
and t = +loo. As is evident,  it w a s  possible t o  extend the  chrora t ic  curve t o  

388 nm. Further advance i n  the  d i rec t ion  of sho r t e r  wavelengths appears t o  be 

very inconvenient, s ince  the  ends of the  spectra  corresponding t o  these  A turned 

out very smeared, which hade accurate  s igh t ing  on them impossible. 
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Figure 3 .  

However, t h i s  method gives  i n  pr inc ip le  t h e  p o s s i b i l i t y  of obtaining t h e  -/ 89  

pos i t ion  of t h e  focal  plane f o r  s t i l l  shor te r  wavelengths. For t h i s  reason, 

w e  decided t o  modify it i n  t h e  following way. 

The images of t h e  spec t ra  w e r e  photographed a t  d i f f e r e n t  successive 

readings of t h e  focusing scale .  When a p l a t e  appeared t o  be i n  t h e  focal  plane 

f o r  some wavelength, t h e  images of t h e  spec t ra  w e r e  i n t e r sec t ed  i n  t h e  corre

sponding place. The wavelength f o r  each such point of i n t e r sec t ion  w a s  found 

by t h e  usual method, i.e., by determining the  d is tance  between t h i s  point and 

t h e  cen t r a l  image. 

By such a method it w a s  poss ib le  t o  extend the  chromatic curve t o  348 nm, 
u t i l i z i n g  completely t h e  l i m i t s  of advance of t h e  plateholding pa r t  of t he  in

strument but not t h e  po ten t i a l  of t h e  method (see Figure 3, 3 ) .  

The proposed method o f f e r s  t h e  p o s s i b i l i t y  of obtaining t h e  p s i t i o n  of 

t h e  f o c i  only i n  the  case  of s u f f i c i e n t  s lope of t h e  chromatic curve. With 

t h e  approximation t o  its peak it is  made less e f f e c t i v e  because of t h e  d i f f i 

c u l t y  of se lec t ing  an accurate  pos i t i oe  of t h e  in t e r sec t ion  point. The pre

ceding method, on t h e  contrary,  permits obtaining with assurance t h e  pos i t ions  

of t h e  foc i  near t h e  peak of t h e  chromatic curve. 

The chromatic curve of t h e  same type of AVR-2 r e f r a c t o r  with our objec t ive  

of the .branch of t h e  Odessa Observatory a t  Mayaka (curve 4 )  is a l so  p lo t ted  on 
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Figure  3. It covers  t h e  wavelength range of 373-486 nm. 

The p o i n t s  of  t h e  chromatic curve w e r e  determined from "cons t r ic t ionsf t  i n  

t h e  photographs of t h e  Vega s p e c t r a  obtained with an o b j e c t i v e  prism. The 

e a s i l y  v ' i s ib le  l i n e s  of t h e  B a l m e r  series of  hydrogen from HB t o  H7 w e r e  used 

as t h e  re ference  wavelengths. ( P r i o r  t o  p l o t t i n g  t h e  curve i n  Figure 3 its 

absc issae  w e r e  cor rec ted  f o r  noncoincidence of  t h e  zero p o i n t s  of t h e  focusing 

scales. 1 

The behavior of t h e  chromatic curve,  as is evident  from Figure 3 ,  agrees w e l l  

wi th  t h e  data obtained f o r  t h e  Pol tava objec t ive .  

The general  agreement of t h e  r e s u l t s  of t h e  determinat ion of t h e  chromatism 

of  p o s i t i o n  by t h e  methods discussed is presented i n  Table 3. The readings of 

t h e  focusing scale ( i n  mm) obtained r e s p e c t i v e l y  with i n t e r f e r e n c e  f i l t e r s ,  a 

d i f f r a c t i o n  g r a t i n g  (by t h e  first and second methods) and; f i n a l l y ,  an o b j e c t i v e  

prism a r e  denoted by F1' F2' F3'  and F4. Comparison of t h e  chroqat ic  curves  -/90 
constructed by t h e  t h r e e  t h e o r e t i c a l l y  d i f f e r e n t  methods permits drawing a con

c l u s i o n  about t h e  good agreement among t h e  r e s u l t s  obtained. 

TABLE 3 

0 59.4 
9.5 61.4 

!9.5 61.6 
2.1.5 63.5 
29.5 63.4 
3'1.5 63.1 

41.5 64.5 
39.5 64.0 

46.G 6t .4  
48.5 65.4 

41.5 65.9 
51.5 66.1 

50.0 66.2 
51.3- 66.3 

51.5 66.2 
55.0 66.5 66.2 

53.5 G5.8 
55.7 6G.O 

55.4 65.6 
57.4 65.2 

59.0 64.8 
53.I 65.6 

GO.1 
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The amount of chromatic aber ra t ion ,  i.e., t h e  d i f fe rence  of  t h e  f o c i  f o r  

11 = 486 MI and 1, = 656 MI, f o r  which v isua l  achromats are usua l ly  corrected,  

is ds '  = -0.5 mm (on t h e  average),  which confirms the  undercorrected chromatic 

aberrat ion.  

The peak of t h e  chromatic curve occurs i n  the  region around 560-570 nm. 
The length of t he  secondary spectrum is  ds '

A 
= 1.4 nim (47 x F). It is 

usua l ly  assumed f o r  ob jec t ives  of t he  type inves t iga ted  t o  consider t h a t  ds 'A 
should not exceed 55-65 x F [2]. From t h i s  it is poss ib le  t o  draw the  

conclusion t h a t  t h e  chromatic aber ra t ion  i n  posi t ion of t h e  objec t ive  of t h e  

AVR-2 r e f r a c t o r  is corrected completely s a t i s f a c t o r i l y .  

Concerning t h e  chromatic aber ra t ion  of magnification, w e  decided to re

strict ourselves t o  an estimate of i ts  e f f ec t  d i r e c t l y  on t h e  posi t ion of stars 

of various spec t ra l  classes. 

With t h i s  purpose, four  p a i r s  of stars with d i s t m c e s  between components 

of abaut 40-50' w e r e  se lected.  The s te l lar  magnitudes (v i sua l )  w e r e  se lected 

t o  be s imilar 'wi thin a p a i r  as f a r  as possible ,  but t h e  spec t r a l  c lasses ,  on 

t h e  contrary,  w e r e  se lec ted  t o  be ag d i f f e ren t  as possible.  The photography 

w a s  ca r r i ed  out by a method with which the d i s t o r t i o n  across  w i d e  p a i r s  is 

usua l ly  invest igated [5], i.e., first one component of t h e  p a i r  w a s  sh i f t ed  t o  

t h e  center  and t h e  o the r  t o  t h e  edge of t h e  p l a t e ,  and then t h e  reverse? In 

t h e  presence of chromatism o f  magnification t h e  d js tances  between components 

of a p a i r  are not t h e  same i n  both of its posi t ions.  

The measurements showed t h a t  t h e  systematic s h i f t s  of stars caused by 

t h e  e f f e c t  of chromatism of magnification a r e  in s ign i f i can t  within t h e  l i m i t s  

of  t h e  f i e l d  investigated.  The scsle f o r  red stars is found t o  be approximately 

1.oooO5 t i m e s  greater than f o r  blue stars. 
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DETERMINATION OF THE LATITUDE OF THE M A I N  ASTRONOMICAL 
OBSERVATORY OF THE U K R A I N I A N  SSR ACADEMY OF SCIENCES 

(GOLOSEYEVO) 

N.A. Vasilenko 1 

ABSTRACT: The a r t i c l e  d e a l s  wi th  t h e  de t e rmina t ion  o f  t h e  
long i tude  o f  t h e  Goloseyevo Observatory. 

The second de te rmina t ion  w a s  c a r r i e d  ou t  by t h e  a u t h o r  i n  
1967, t h e  2" u n i v e r s a l  ins t rument  being used. 

The l o c a l  t i m e  w a s  determined from obse rva t ion  of s tar  p a i r s  
on equal a l t i t u d e s .  The methods of obse rva t ion  and p rocess ing  
are descr ibed .  

The fo l lowing  va lues  of l ong i tude  are ob ta ined :  f o r  t h e  
obse rva t ion  p i l l a r  "Goloseyevo" l o  = -2h02mOs.191 k OS.016, 
f o r  t h e  c e n t e r  of t h e  v e r t i c a l  c i rc le  = -2h01m.59s.931 k 
oS.016. 

The approximate va lue  o f  t h e  long i tude  o f  t h e  obse rva to ry  w a s  first ob ta ined  

i n  1950 by t h e  method o f  measuring t h e  z e n i t h  d i s t a n c e s  o f  t h e  sun wi th  a 20

second t h e o d o l i t e .  A weighted va lue  of t h e  long i tude  w a s  de r ived  from two c l o c k  
s

c o r r e c t i o n s  wi th  an e r r o r  o f  +1 . Then t o  o b t a i n  a m o r e  a c c u r a t e  va lue  of t h e  

l o n g i t u d e  obse rva t ions  o f  nea r -zen i th  s tars  wi th  t h e  Vanshaff v e r t i c a l  c i rc le  

w e r e  used, which w e r e  c a r r i e d  o u t  i n  1955-1958 dur ing  t h e  de t e rmina t ion  of t h e  

c o n s t a n t s  o f  i t s  mounting, With t h i s  purpose, t h e  r e s u l t s  of t h e  obse rva t ions  

of s t a r  t r a n s i t s  c a r r i e d  ou t  by t h e  t r a n s i t  ins t rument  method ove r  t h e  pe r iod  o f  

s i x y e a r s w e r e p r o c e s s e d .  From 14 i n s t a n t s  of t h e  t r a n s i t  of stars t h e  fo l lowing  

v a l u e  of t h e  long i tude  o f  t h e  c e n t e r  o f  t h e  p i e r  of t h e  v e r t i c a l  c i rc le  w a s  ob

t a ined  : 
-2'102n10s.013t O s . 0 2 7  

This  va lue  o f  t h e  l o n g i t u d e  w a s  publ i shed  i n  t h e  I n t e r n a t i o n a l  D i rec to ry  

of Astronomical Obse rva to r i e s  "Les Obse rva to i r e s  astronomiques et  les astronomes" 

(by Fernand Rigaux, Brusse l s ,  1959) and a l s o  i n  [l, 7-91. 

-- 

1. Main Astronomical Observatory,  Ukrainian SSR Academy of Sciences.  
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With non-rigorous account taken of t h e  i n c l i n a t i o n s  of t h e  hor izonta l  

axis of t h e  instrument and t h e  incomplete method of recording t h e  i n s t a n t s  of 

transits, t h e  accuracy of  t h e  r e s u l t  proved t o  b e  s u f f i c i e n t l y  high, which con

firms t h e  f i n e  s t a b i l i t y  of t h e  instrument and t h e  high q u a l i t y  of  t h e  ob

serva t ions .  However, t h e  personal e r r o r s  of  t h e  observer  remained unknown. I n  

May-July, 1967, t h e  longi tude  w a s  determined repea ted ly  with t h e  h e l p  of a 2

second universa l  instrument.  The l o c a l  t i m e  w a s  determined from observat ions 

of  p a i r s  of s t a r s  a t  var ious  a l t i t u d e s .  The following program w a s  c a r r i e d  

out.  On May 13, 14, and 15, seven longi tudes  of t h e  point  t o  be determined i n  

Goloseyevo w e r e  obtained from t h e  observat ions;  then,  on June 3, 4, 6, and 7, 
twelve longi tudes  a t  t h e  o r i g i n a l  point  i n  Nikolayevo w e r e  observed f o r  t h e  

determinat ion of t h e  personal-instrumental  d i f f e r e n c e ,  a f t e r  which on June 23, 

26, and 2% and J u l y  7,  e i g h t  more longi tudes  w e r e  obtained i n  Goloseyevo. A 

group of e i g h t  Zinger p a i r s  w a s  observed a t  2-hour i n t e r v a l s  of t i m e  f o r  t h e  

d e r i v a t i o n  of each value of t h e  longitude. The i n s t a n t s  of t h e  star t r a n s i t s  

w e r e  recorded by t h e  f i v e  t h r e a d s  of t h e  tube with t h e  h e l p  of a recording chrono

graph by t h e  "eye-key" method. Second s i g n a l s  of t h e  exact  t i m e  w e r e  a u t o 3  

m a t i c a l l y  recorded on t h e  t a p e  of t h e  chronograph. S h i f t s  of t h e  tube  i n  

a l t i t u d e  w e r e  determined a t  t h e  start and a t  t h e  f i n i s h  of t h e  observat ion of 

each star with t h e  h e l p  of  a Ta lco t t  l e v e l  with a scale d i v i s i o n  of 7 = 1V62. 

The l a t i t u d e  of t h e  p lace  of observat ion w a s  known with an e r r o r  Acp not  exceed

ing  f O'!l. Therefore,  r i g i d  s e l e c t i o n  of t h e  p a i r s  i n  t h e  groups was not c a r r i e d  

out .  

The e r r o r  i n  recording t h e  t r a n s i t  of a s t a r  a c r o s s  t h e  hor izonta l  t.hread 

was c a l c u l a t e d  i n  agreement with t h e  recommendations i n  [21. On t h e  average, 

t h i s  e r r o r  w a s  found t o  be m = k O f 1 1  f o r  t h e  f irst  v e r t i c a l  and m = f 0905 
S S 

f o r  t h e  average i n s t a n t  of t r a n s i t  a c r o s s  t h e  f i v e  threads .  

The d i f f e r e n c e s  i n  t h e  i n c l i n a t i o n s  of t h e  Talco t t  l e v e l  w e r e  determined 

with an e r r o r  mi ", * 0.5 2; 0?03. 

The apparent p laces  of a large p a r t  of t h e  stars observed (more than  90%) 

w e r e  taken on t h e  FK4 system from t h e  Astronomical Yearbook, and from t h e  Cata

logue of 2957 Bright  S t a r s  f o r  t h e  remaining p a r t  (less than lo%), which are 

presented on t h e  FK4 system. Upon c a l c u l a t i o n  of t h e  coord ina tes  of t h e  stars 
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t h e  short-per iod n u t a t i o n  t e r m s  w e r e  t aken  i n t o  account. The e r r o r s  i n  t h e  

coord ina te s  of  t h e  stars m,, reduced t o  t h e  equa to r ,  d i d  not  exceed t h e  value 

os01. 
The mean square e r r o r  i n  t h e  determinat ion of t i m e  from t h e  obse rva t ions  I '  

w a s  c a l c u l a t e d  f o r  each pa i r  from t h e  equat ion 

. _ _  

mu= 
/ 1  

L (mi+ rn; + ma)set? cp cosecz A' .  

where 

A '  is t h e  average angu la r  d i s t a n c e  o f  t h e  s tar  p a i r  from t h e  meridian. 

The t i m e  c o r r e c t i o n s  ui w e r e  c a l c u l a t e d  from t h e  equat ion 

1 
1 l z a  --2 (T,+T,) + r  + Zi + 6,. 

where 

i s  t h e  average of t h e  r i g h t  ascensions of t h e  s tar  p a i r s  

1/2 (Tw + TE) i s  t h e  average moment of  obse rva t ion  o f  a pa r; 

r 	 i s  th?  h a l f - d i f f e r e n c e  of  t h e  hour ang le s  o f  t h e  star p a i r  a t  t h e  

moment of  obse rva t ion ;  

8i 	 i s  t h e  c o r r e c t i o n  f o r  t h e  d i f f e r e n c e  i n  i n c l i n a t i o n  o f  t h e  T a l c o t t  

1eve1 ; 

6 is t h e  c o r r e c t i o n  f o r  t h e  d i u r n a l  a b e r r a t i o n .  
a 

(1) 

(2) 

The c a l c u l a t i o n s  of t h e  c l o c k  c o r r e c t i o n s  w e r e  c a r r i e d  ou t  by t h e  s tandard 

method i n  agreement with t h e  recommendations i n  [ Z ,  31. The a u x i l i a r y  t a b l e s  

[41  w e r e  used. 

The weightedvalues  o f  t h e  c lock  c o r r e c t i o n s  fi w e r e  de r ived  f o r  each group. 

The weights p o f  t h e  i n d i v i d u a l  va lues  u w e r e  taken i n v e r s e l y  p ropor t iona l  t o  

m 
U 
. The va lues  of  t h e  in s t an taneous  long i tudes  A i w e r e  c a l c u l a t e d  f o r  each fi 

from t h e  equat ion 
-

hi=s- ( T +  u). (3  ) 

where 

S and T are, r e s p e c t i v e l y ,  t h e  Greenwich and l o c a l  s i d e r e a l  t i m e  of  t h e  

mean i n s t a n t  of obse rva t ion  of a group o f  pairs. 
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A weight  pi corresponding t o  the  square of the  m e a n  square error M-u i  of t h e  

weighted  value ui w a s  a t t r i b u t e d  t o  t h e  value of Ai ca lcu la ted  by such a method. 

The q u a n t i t i e s  Ahi = Ai  - Am,  MA+ = M-u i '  and pi are presented i n  Tab les  1 L93 
and 2, from w h i c h  are obtained t h e  w e i g h t e d  va lues  of t h e  instantaneous longi

tude f o r  Goloseyevo (Table 1) and Nikolayevo (Table 21, and a l so  an estimate of 

them is made. 

TABLE 1 

hi = 1967 pi 
Ai- A m  

( i n  0:001) 
- .~ -~~ ~ ~ 

May 13/14 28 1.28 - 56 
May 13/14 22 2.07 - 59 
May 14/15 27 1.37 + 38 
May 14/15 28 1.28 + 67 
May 15/16 3 0  1.11 + 28 
May 15/16 
May 15/16 

June 23/14 
June 23/24 

31 
15 
26 
25 

1.04 
4.44 
1.48 
1.60 

+113 
+ 55 - 18 
- 16 

June 26/27 28 1.28 - 36 
June 26/27 23 1.89 + 14 
June 28/29 32 0.98 + 1  
June 28/29 27 1.37 + 44 

Ju ly  7/8 
July 7/8 

15 
43 

4.44 
0.54 

+ 27 - 18 

26.17 

TABLE 2 

1967 M
A i  

= M  
i 

( i n  O ? O O ~ )  

June 3/4 15 4.44 + 82 
June 3/4 
June 4/5 

17 
15 

3.46 
4.44 

+ 33 
+ 12 

June 4/5 17 3.46 - 49 
June 4/5 11 8.26 - 19 
June 4/5 11 8.26 + 8  
June 6/7
June 6/7 

16 
15 

3 091 
4.44 

- 16 - 22 
June 6/7 14 5.10 + 13 
June 7[8 17 3.46 - 3
June 7/8 16 3 e91 - 50 
June 7/8 14 5.10 + 7  

58.24 



The mean square e r r o r  o f  a s i n g l e  determinat ion of  t h e  longi tude  of 

Golosevevo is 

The mean square error of t h e  weighted va lue  of t h e  longi tude  is 

.~-
The m e a n  square e r r o r  i n  t h e  determinat ion of a s i n g l e  longi tude  of  Nikolayevo 

is 


The mean square e r r o r  of t h e  weighted value of t h e  longi tude  is 
Mi v[pl-m, =?OS.OlO. 

Then t h e  reduct ions  f o r  t h e  conversion of t h e  ins tan taneous  longi tudes  t o  

t h e  mean pole  w e r e  c a l c u l a t e d  f o r  t h e  average date of t h e  observat ions.  They 

proved t o  be i n s i g n i f i c a n t :  Os004 w a s  obtained f o r  May 14, 1967; Of004 f o r  

June 5, 1967, and Os003 f o r  July 1, 1967. W e  n o t e  t h a t  t h e  instantaneous 

longi tude  of t h e  der ived and o r i g i n a l  p o i n t s  w e r e  obtained by one-way de ter 

minations d i r e c t l y  from Greenwich. Therefore,  t h e  c a l c u l a t i o n s  of A), 0 w e r e  

c a r r i e d  out  according t o  t h e  equat ion -1
AXo = -

15 
( x  sin A-y COS (p+y t a n  cp ( 4 )  

where 

x and y are t h e  coord ina tes  of t h e  instantaneous pole r e l a t i v e  t o  t h e  

average ; 

(p i s  t h e  l a t i t u d e  of Greenwich. 

The personal-instrumental  d i f f e r e n c e  i s  obtained from t h e  expression 

-1"Bi.=i." 
o r i g  -var ( 51 

where 
0 

'orig 
is t h e  longi tude  of  t h e  o r i g i n a l  point  referred t o  t h e  mean pole ;  

%ar is t h e  observed longi tude  of t h e  o r i g i n a l  point  referred t o  t h e  mean 

pole. 

It proved t o  be e,qual t o  /94 

Bi.= +Os. 124k O s . 0 1 ~ 0 .  



The f i n a l  va lue  of  t h e  long i tude  o f  t h e  s p e c i f i e d  po in t  i n  Goloseyevo 

w a s  obtained from t h e  equat ion 

X"=i. m +OX-- AI,"- W +  E, 

where 

w is t h e  c o r r e c t i o n  f o r  t h e  speed of  propogation of  r a d i o  waves and 

8 is t h e  c o r r e c t i o n  o f  t h e  cumulative i n s t a n t  of t ransmission o f  t h e  

s i g n a l s  of s t a n d a r d  t i m e  i n  the TI-1 system. 

Thus, t h e r e  is f i n a l l y  der ived:  . j' 
f o r  t h e  Goloseyevo astronomical  p i e r  

A"= -2h02n~Os.191 +OS.016, 

and f o r  t h e  c e n t e r  of  t h e  v e r t i c a l  c i rc le  (by means of a geodet ic  t i e - i n )  

h"=--2/~01r~;59".931+.OS.016. 
1; I i r  

sH e r e ,  t h e  mean square e r r o r  of  t h e  f i n a l  value of  longitude-M
A 0  

= f 0.16 i s  . . I,: 

der ived from t h e  equat ion 
M,,..= 1/M: + Ma? 

m 
I n  e s t ima t ing  t h e  accuracy o f  t h e  f i n a l  l ong i tude  va lue ,  t h e  v a r i a t i o n  i n  

, ,, ,,1 

t i m e  o f  t h e  personal- instrumental  equat ion &A w a s  not  known t o  us ,  s i n c e  i t s  
, , , 

determinat ion w a s  c a r r i e d  o u t  on ly  once, approximately a t  t h e  mean i n s t a n t  of  

obse rva t ion  of  t h e  long i tude  i n  Goloseyevo. I f  t h e  v a r i a t i o n  of t h e  personal  

d i f f e r e n c e  A&A i s  considered a func t ion  of t i m e  ( a s  i s  assumed, f o r  example, 

i n  [ 5 ] ) ,  t h e q  it should be considered compensated t o  a c e r t a i n  e x t e n t  

during t h e  given program o f  long i tude  determinat ion.  Th i s  i s  of  p a r t i c u l a r  

importance i f  one takes i n t o  account t h e  b r i e f  p r a c t i c a l l y  equal i n t e r v a l s  of 

t i m e  (22 and 25 days) between t h e  average i n s t a n t s  of  determinat ion of t h e  

personal  d i f f e r e n c e  and t h e  longi tude.  For t h i s  reason,  w e  could not u s e  i n  
st h e  estimate of  t h e  accuracy of  t h e  f i n a l  l ong i tude  va lue  = f 0.020, which 

w a s  der ived f o r  some average astronomer (see,  f o r  example, [ 5 ]  and [61),  es- s 'IC 

p e c i a l l y  s i n c e  i t  w a s  de r ived  f o r  a more prolonged t i m e ,  of  t h e  o r d e r  of  s i x -

seven months. 

The observatory proved t o  b e  more wes te r ly  by Os082 according t o  t h e  

newly-derived va lue  o f  t h e  long i tude  of  t h e  c e n t e r  of  t h e  v e r t i c a l  c i rc le ,  

which f o r  t h e  given l a t i t u d e  amounts t o  24.3 m. 

I '  




It is possible  t o  explain t h e  difference obtained with t h e  former deter

mination by the  f a c t  t h a t  systematic e r r o r s  due t o  t h e  personal difference of 

t h e  observer and t h e  i n c l i n a t i o n  of the  horizontal  a x i s  of t h e  instrument w e r e  

not excluded during observation of t h e  longitude with t h e  v e r t i c a l  circle. 

A.K. Korol' [l] indicated a poss ib le  e r r o r  because of t hese  reaeons of t h e  
Sorder  of 0.1. 

In  conclusion, it should be wished t h a t  t he  value of t h e  longitude of 
't h e  Main Astronomical Observatory o f  t h e  Ukrainian S$R Academy of Sciences be 

subsequently ref ined by repeated observations i n  which the  recording of t he  

i n s t a n t s  of star  t r a n s i t s  would be accomplished with t h e  he lp  of a contact 

micrometer. 
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DISCUSSION OF THE RESULTS OF LATITUDE OBSERVATIONS 
AT PULKOVO WITH THE ZTF-135 

I N  THE EXPANDED PROGRAM DURING 1955.0-1961.3 
1

L.D. Kostina 

ABSTRGCT: The paper d e a l s  with t h e  a n a l y s i s  of t h e  s ix-year  
l a t i t u d e  observa t ions  with t h e  Freiberg zeni th- te lescope 
ZTF-135. The observa t ions  w e r e  conducted according t o  an 
expanded program. The abundant material t h u s  obtained w a s  
thoroughly analyzed: a c o r r e c t i o n  t o  t h e  cons tan t  of 
a b e r r a t i o n  was der ived from t h e  l a t i t u d e  series under in
v e s t i g a t i o n ,  as w e l l  a s  c o r r e c t i o n  t o  t h e  s c a l e  va lues  and 
i t s  temperature c o e f f i c i e n t ,  d e c l i n a t i o n s  and proper motions 
of t h e  c e n t e r s  of t h e  T a l c o t t  pa i r s .  

Er rors  of s t a r  d e c l i n a t i o n s  and t h e i r  proper motions taken 
from d i f f e r e n t  ca ta logues  w e r e  .considered i n  d e t a i l .  

The estimate is given o f  t h e  accuracy of t h e  l a t i t u d e  ob
s e r v a t i o n s  a t  Pulkovo with t h e  ZTF-135 during 1955.0-1961.3. 
The curve of l a t i t u d e  v a r i a t i o n s  and value of z-term a r e  
presented. 

Secticrn 1. 	 Basic D a t a  About t h e  Lat i tude  Observations 
with t h e  ZTF-135 i n  1955.0-1961.3.-

The l a t i t u d e  observa t ions  with t h e  ZTF-135 i n  1955.0-1961.3, as t h e  ob

s e r v a t i o n s  f o r  1948-1955, w e r e  c a r r i e d  out  according t o  Ya.E. Gordon's program 

[l], which w a s  made up f o r  one n u t a t i o n a l  c y c l e  - from 1948 t o  1967. Based on 

t h e  suggestion of V.I. Sakharov, t h e  observat ions i n  1955.0-1961.3 w e r e  c a r r i e d  

a u t  according t o  t h e  so-cal led extended program, i.e., from t h e  s e t t i n g  t o  t h e  

r is in ,g  of t h e  sun. Such an undertaking w a s  set  up with t h e  a i m  of continuing 

t h e  i n v e s t i g a t i o n  of short-per iod v a r i a t i o n s  i n  l a t i t u d e  previously noted i n  

t h e  l a t i t u d e s  [Z]. During t h e  winter t ime i n  t h e  course of a n i g h t ,  t h e  dura t ion  
h 

of t h e  observat ions i n  t h e  extended program amounted t o  18 The group of 

&servers  with t h e  ZTF-135 c o n s i s t e d  of  four persons. 

&n extended program of l a t i t u d e  observat ions is l o c a t e d  a t  Pulkovo f o r  

t h e  secend time. The first t i m e  t h e  observat ions on such a program w e r e  

e a r r i e d  @ut i n  1915-1929 [2-71. However, because o f  an i n s u f f i c i e n t  number 

e f  observers ,  t h e  d e n s i t y  of observat ions i n  t h i s  l a t i t u d e  series i s  i n s i g n i 

f i c a n t l y  i n f e r i o r  t o  t h e  d e n s i t y  of observat ions i n  1955-1961. 
- ~ ~~ 

1. Main Astronomical Observatory, USSR Academy of Sciences. 
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-Observer 

N.M. Bakhrakh  839 56 1086 62 i -
I.F. ,Korbut 933 57 577 ' 33 47: i12: 

1-L.D. Kostina - 698 1 47 965 :57 1224 77 409 
E.I. Kreinin - - - i  534 
N.R. Persiyaninc 

PO33 64 1116 57 ,055 
S.V. Romanskaya j 272 , 19 192 13 -
V . I .  Sakharov 690 44 531 32j  -
N.G. Strelkova - t 

, - - - 1 
i -

A.M. Sharavin , - 5 , - - , 
I 

- :  383 
I I 

I 

! 

T o t  a1 3767 4200 3408 

- -37 

64/ 864 47 715 35 199 
- -
-

I 

197 

26 1 902 I 521 1220 168 1 1008 

4484 4639 4065 1072 

I 

2396i 144 iOtr.155 

15311 90 128 

6553;357 151 
2497: 149 161 

6191 347 160 

4641 32 150 
1418; 88 141 

873 48 178 
3713 / 219 157 
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The o ther  par t  of t h e  observat ional  work with t h e  ZTF-135 during 1955.0
1961.3 w g s  t h e  der iva t ion  of  an e n t i m a t e  of a s c r e w  revolut ion o f  t h e  ocular  

micrometer from scale p a i r s  and t h e  determination of t h e  instrumental  cons tan ts  

on t h e  average t h r e e  times a year,  which is  completely s u f f i c i e n t  i n  view of t h e  

f i n e  s t a b i l i t y  of t h e  instrument. (The la t te r  t a s k  Was c a r r i e d  out pr imari ly  by 

N.R. Persiyaninova (ten times), and t h e  remaining observers  pa r t i c ipa t ed  i n  t h i s  

undertaking two o r  t h ree  t i m e s  each.) 

A list of t h e  observers and t h e  quant i ta t4ve da ta  on t h e  observations 

during t h e  period 1955.0-1961.3 as w e l l  as the  mean square e r r o r s  of t h e  l a t i 

tude determinations by each observer are presented i n  Tables 1 and 2. The d is 

t r i b u t i o n  of t he  number of c l e a r  n igh t s  by pmnths and years  i s  given i n  Table 3. 

According t o  t h e  proposal of V.1 .  Sakharov, t h e  e n t i r e  extensive material 

of t h e  l a t i t u d e  observatiqng during 1955.0-1961.3 and a190 t h e  observations f o r  

1948.8-1955.0 (about 37 t h o u s a d  i n  all,) w e r e  reprocessed with t h e  use of an 

accurate  processing method under t h e  d i r ec t ion  and with t h e  pa r t i c ipa t ion  of 

L.D. Kostina.[8]. The present  paper is a cont inuat ion of [8]. Some r e s u l t s  of 

a discussion of a second extended l a t i t u d e  sertes f o r  1955.0-1961.3 a r e  ex

pounded i n  it. 

m__ 

Number of observat ions of s c a l e  p a i r s  Number of 
Observer Total  elongation 

1955 1956 1957 1958 1959 I 1960 observations 
i n  1961 I 

N.M. Bakhrakh 12 16 
I.F. Korbut 10-L.D. Kostina l5 4 
E.I. Kreinin - -
N.R. Persiyaninova 20 21 
S.V. Romaqskaya 6 4 
V.I. Sakharov 12 5 
A.N. Sharavin - -

Total 65 60 71 
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7 12  10 10 12 14 65 10 
9 17 9 8 13 8 64 10 

17 27 22 20 26 18 130 21 
16 11 17 19 19 18 100 17 

9 21 15 12  19 22 98 16 
16 20 19 14 ' 21 16 106 18 
21 15 17 17 26 22 111 18 
28 16 19 21 20 16 120 20 
18 20 12  19 13 12 94 16 
17 15 15 11 9 7 74 12 
8 1 10 13 8 6 46 8 

12 5 12  10 6 3 48 8 

7 
7 

14 
18 -

January 
February 
March 
Apri l  
May 
June 
July 
August 
September 
October 
November 
December 

_- - .- -. 

Total  178 180 177 174 192 162 1063 
- ~ .. ~~ 

S e c t i o n  2. 	 Determination of  t h e  Correct ion f o r  t h e  Constant 
o f e r r a t 2 7  

1. The c o r r e c t i o n  f o r  c o n s t a n t  of a b e r r a t i o n  i s  determined from t h e  

l a t i t u d e  obse rva t ions  from t h e  discrepancy obtained as a r e s u l t  of  t h e  e x t e r n a l  

smoothing o f  t h e  l a t i t u d e s  by t h e  cha in  method. S t r i c t l y  speaking, o t h e r  causes 

(we r e c a l l e d  t h a t  t h e  c o r r e c t i o n s  f o r  o s c i l l a t i o n  of t h e  v e r t i c a l ,  t h e  Oppolzer 

term, and o t h e r  c o r r e c t i o n s  w e r e  a l r e a d y  taken i n t o  account by u s  i n  t h e  c a l 

c u l a t i o n  of t h e  l a t i t u d e s )  can have an effect on t h e  s i z e  of t h e  discrepancy, 

f o r  example, t h e  d i u r n a l  v a r i a t i o n s  i n  l a t i t u d e ,  if they  e x i s t .  To reduce t h e  

effect  of  t h e  d i u r n a l  l a t i t u d e  v a r i a t i o n  t h e r e  should be a program of l a t i t u d e  

obse rva t ions  c o n s i s t i n g  of  24-hour groups, and smoothing should be  c a r r i e d  out  

by hour groups. The du ra t ion  of  t h e  obse rva t ions  on each n igh t  should amount 

t o  4 hours,  and t h e  obse rva t ions  should be  c a r r i e d  ou t  symmetrically r e l a t i v e  

t o  midnight. The a c c i d e n t a l  e r r o r  i n  t h e  determinat ion of  t h e  discrepancy 

dec reases  because of  t h e  l a r g e  number o f  obse rva t ions  used. 

A.A. Nemiro [9] proposed a method which o f f e r s  t h e  p o s s i b i l i t y  of d e t e r 

mining t h e  cons t an t  of a b e r r a t i o n  from l a t i t u d e  obse rva t ions  based on t h e  

T a l c o t t  method, free from t h e  effect o f  t h e  d i u r n a l  t e r m .  Th i s  method is 

based Qn t h e  fact t h a t  t h e  inaccuracy i n  t h e  accepted va lue  of t h e  a b e r r a t i o n a l  
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constant a f f e c t s  i n  var ious ways t h e  l a t i t u d e s  determined from p a i r s  which 

include stars s i tua t ed  a t  var ious zeni th  dis tances .  For t h i s ,  a program of 

l a t i t u d e  Observations is required with zeni th  d is tances  up t o  60-70~. And it 

i s  necessary t o  ca r ry  out t he  observations on an extended program which includes 

t h e  evening and morning hours. 

2. The inaccuracy i n  t h e  value accepted f o r  t he  revolut ion value of t h e  

screw of t h e  ocular  micrometer. Usually, p r i o r  t o  t h e  s t a r t  of observations of a 

l a t i t u d e  program, t h e  value of a revolut ion is known with s u f f i c i e n t  accuracy, 

and i t s  s m a l l  inaccuracy is not r e f l ec t ed  i n  the  s i z e  of t h e  discrepancy. If t h e  

inaccuracy i n  t h e  revolut ion value i s  not  very s m a l l ,  then it can exhib i t  an 

e f f ec t  pr imari ly  i n  t h a t  case where t h e  r igh t  ascension i n  t h e  cen te r  of t h e  

group with which t h e  smoothing is s t a r t e d  i s  equal t o  Oh o r  12
h . I n  t h i s  case,  

i n  a year a t  t h e  end of t h e  closed cycle  t h e  average of t h e  half-differences i n  

zeni th  dis tances  of t h e  given group changes by O I 3 ,  i.e., by approximately 

ha l f  a screw revolut ion f o r  zenith-telescopes of t h e  u s u a l  s izes .  For example, 

an inaccuracy i n  the  revolut ion value of 0'.'2 should give an amount O y l  i n  t h e  

discrepancy. 

During observations on an extended program, when each t i e - i n  of two 2-hour 

groups i s  observed four  months, a small d i f fe rence  can appear i n  t he  average 

values of t h e  half-differences of t h e  zeni th  d is tances  of p a i r s  of one and t h e  

same group (near ~y = Oh and12h) i n  two adjacent t i e - in s .  This  is possible  i f  

t h e  observations of t h e  adjacent t i e - i n s  were ca r r i ed  out (because of t h e  

weather condi t ions)  such t h a t  t h e  preceding t i e - i n  of t h e  groups w a s  observed 

a t  t h e  s t a r t  of i ts period of observations and t h e  succeeding one a t  t h e  end -/9a 
of t h e  period of observations ( i n  t h e  course of a month Az /2 of a group 

avg ,
around Oh o r  12

h 
i n  r i g h t  ascension changes by approximately j0.03J ). This 

cause can have an e f f ec t  during observations on a &hour program i f  t he  in

accuracy i n  t h e  value of a revolut ion is espec ia l ly  l a r g e .  

3 .  By f a r  more s ign i f i can t  is the  efqect  of a va r i a t ion  i n  t h e  value of 

a screw revolution during an annual cycle,  I t  is easy t o  show t h a t  i f  a s m a l l  

chang,e i n  t h e  value of a revolut ion occurs l i nea r ly ,  then t h e  e f f ec t  of a 

change i n  t h e  screw revolut ion value on t h e  s i z e  of t h e  discrepancy is  approx

imately equal t o  t h e  product A x (12/11) Mi,  where A i s  t h e  change i n  t h e  
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value of a s c r e w  revolution over t h e  annual cycle  and Mi is t h e  averaged value of 

t h e  half-differences i n  zeni th  dis tances  of t h e  pa i r s  i n  a group with which t h e
’ . . 

external  smoothing i s  s t a r t e d  and concluded. In order t h a t  t h e  change i n  t h e  

value of a screw revolution not a f f e c t  t he  s i z e  of a discrepancy upon t h e  deter

mination of t h e  correct ion t o  the  constant of aberrat ion, , the smoothing should 
. . 

be begun from t h e  group f o r  which t h e  average value of t he  half-distances of 
‘ . . 

zeni th  dis tances  of p a i r s  i s  c lose  t o  zero. It is necessary t o  neglect par t  
. .  

of the  observations. Perhaps one should from t h i s  point of view review a l l  t he  

determinations of t he  constant of aberrat ion from the  discrepancies obtairaed 
. I . 


during the smoothing of l a t i t u d e  observations. 

4 .  The inaccuracy i n  t h e  value accepted,for  t h e  temperature coef f ic ien t  

of t h e  screw of t he  ocular  micrometer. The e f f ec t  o f  t h i s  inaccuracy can be 

estimated from the  equation 

12 
(11 

1-1 

Here 

A, i s  t h e  inaccuracy i n  the  temperature coef f ic ien t  of t he  screw of the  

micrometer ; 

Mi is t h e  average value of t he  half  differences of t h e  zenith dis tances  

i n  the  group; 

t .1 and ti -are the  average temperatures of t he  evening and the  morning 

observations of t h e  corresponding groups. 

5. The inaccuracy i n  t h e  proper motions of the  centers  of the Talcot t  

pairs .  The inaccuracy i n  t h e  average value of t he  proper motions of the  

centers  of Ta lco t t  p a i r s  of t h e  group with which the  external  smoothing is 

begun and concluded can i n  p a r t i c u l a r  have an e f f ec t  on the  value of t he  dis

crepancy, s ince t h e  observations of t h i s  group separate  t h e  in te rva l  i n t o  one 

year. 

The determination of t he  correct ion t o  the  constant of aberrat ion 

w a s  ca r r ied  out with the  equation 

r+AA.k=O, (2) 
12where r is  the discrepancy 

[(Cc’fDd’), - (CC’+~d’),,,I (3 1 
A = - i - I  -

20.496 
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For Pulkovo, t h e  coe f f i c i en t  A = 4.1 from t h e  observat ions of t h e  ex

tended program, and during observation on the  -$-hour program i n  1948.8-1955.0 
t h i s  coef f ic ien t  turned out t o  be equal t o  4.6, i.e., t h e  coe f f i c i en t  A in

creased during observation around midnight. Thus, t h e  inaccuracy i n  t h e  constant 

of aber ra t ion  during l a t i t u d e  observat ions with t h e  ZTF-135 at  Pulkovo en te r s  

i n t o  t h e  s i z e  of t h e  discrepancy with a f ac to r  of 4. 

The constant of aber ra t ion  from t h e  observations i n  1955.0-1961.3 i s  equal L99 
t o  201.1482, and from t h e  l a t i t u d e  series of 1948.8-1955.0, it w a s  found equal t o  

20!'487. W e  note  t h a t  each of these  values was obtained as t h e  average of t he  two 

vers ions of determining the  discrepancy: from t h e  combined smoothing of l a t i t u d e s  

f o r  6 years  ( f o r  1955.0-1961 - 5.year.31, i n  which t h e  inaccuracy i n  t h e  value of 

a s c r e w  revolut ion of t h e  micrometer w a s  provis ional ly  excluded, and from l a t i t u d e  

smoothing ca r r i ed  out separa te ly  f o r  each year. 

The correct ion t o  t h e  constant  of aberrat ion obtained from the  discrepancy 

of t h e  smoothing of t h e  l a t i t u d e s  determined according t o  t h e  Talcot t  method 

is proportional t o  s i n  Cp [lo], where Cp i s  t h e  l a t i t u d e  of t h e  place. Therefore, 

t h e  more norther ly  t h e  observatory i s  located, t h e  somewhat more ce r t a in ly  

should t h e  correct ions t o  t h e  constant of aberrat ion be obtained, s ince  t h e  

accidental  e r ro r s  i n  t h e  d i f fe rences  of t h e  group mean values of t h e  l a t i t u d e s  

are divided by a l a rge  coe f f i c i en t .  

A summary of t h e  determinations of t h e  constant of aber ra t ion  ca r r i ed  out 

pr imari ly  during t h e  l a s t  15 years  based on mater ia l  of observations over many 

years  a t  t h e  Pulkovo Observatory, s t a r t i n g  from 1840 and with various instruments, 

i s  presented i n  Table 4. 
TABLE 4 

- ~ 

Instrument Constant of 
aber ra t ion  

L i t e ra tu re  
source 

c111 
C91 

c121 
C131 
C 141 
C151 
C2ll 
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Since a f a i r l y  a c c u r a t e  value o f  t h e  constant  of  a b e r r a t i o n  i s  

assumed during t h e p r o c e s s i n g o f  l a t i t u d e s ,  it is  p o s s i b l e  t o  have confidence 

t h a t  it does not have an effect on t h e  i n v e s t i g a t i o n  o f  t h e  d iu rna l  term. 

Sec t ion  3. Determination o f  t h e  Correct ion for t h e  Temperature_ - - .- . -- - . 

Coef f i c i en t  of  t h e  Ocular Micrometer's Screw 

To determine t h e  c o r r e c t i o n  f o r  t h e  temperature  c o e f f i c i e n t  of t h e  o c u l a r  

micrometer 's  s c r e w  (Ary) t h e  r e s u l t s  of l a t i t u d e  obse rva t ions  w e r e  used. To 

t h i s  end, t h e  d i f f e r e n c e s  w e r e  set  up between t h e  l a t i t u d e s  determined from two 

T a l c o t t  p a i r s  of t h e  program c l o s e l y  s i t u a t e d  i n  t i m e ,  chosen so t h a t  t h e  d i f 

f e rences  i n  t h e  h a l f - d i f f e r e n c e s  of  z e n i t h  d i s t a n c e s  of  t h e s e  c l o s e  p a i r s  would 

b e  s u f f i c i e n t l y  l a r g e .  W e  d e r i v e  an equat ion f o r  determining t h e  c o r r e c t i o n  f o r  

t h e  temperature  c o e f f i c i e n t  of  t h e  s c r e w .  

The average d i f f e r e n c e  Acp
avg ' which i s  then  s u b t r a c t e d  from each ind iv idua l  

d i f f e r e n c e  of  t h e  given combination of  p a i r s ,  i s  determined from a l l  t h e  d a t e s  

for each combination of  two p a i r s .  A constant  p a r t  i s  included i n  t h e s e  d i f f e r 

ences,  notably:  t h e  d i f f e r e n c e s  i n  t h e  c o r r e c t i o n s  f o r  t h e  d e c l i n a t i o n s  and -/loo 
t h e  d i f f e r e n c e s  i n  t h e  h a l f - d i f f e r e n c e s  of z e n i t h  d i s t a n c e s  of  t h e  T a l c o t t  p a i r s ,  

which wi th in  h a l f  a yea r  ( t h e  l i m i t i n g  du ra t ion  of obse rva t ion  of a T a l c o t t  p a i r  

i n  an extended program) can b e  considered cons t an t s .  

The equa t ions  f o r  determining t h e  c o r r e c t i o n s  t o  t h e  value of  a r evo lu t ion  

have t h e  form: 

and are solved by t h e  method of least squares.  

For determining Ary 19 combinations of d i f f e r e n c e s  of  p a i r s  from t h e  obser

v a t i o n a l  material i n  1955, 1957 and 1959 w e r e  used. The c o r r e c t i o n  t o  t h e  

va lue  of t h e  temperature c o e f f i c i e n t  (-OyOOO4) assumed i n  processing 

l a t i t u d e s  of 1955-1961.3 w a s  found equal t o  +0!'00016 f o r  one revolut ion.  



The procedure f o r  determining t h e  cor rec t ion  to t h e  temperature coef f ic ien t  of 

t h e  s c r e w ,  t h e  combinhtions of pa i r s ,  and t h e i r  number w e r e  taken t h e  same as by 

V . I .  Sakharov i n  determining t h e  cor rec t ion  t o  the  temperature coef f ic ien t  from 

observational material of 1948,8-1955-0 

Sect ion 4, 	 Determination of t h e  Correction t o  t h e  Value of a Screw 
Revolution of t h e  Ocular Micrometer and t h e  Corrections 
t o  t h e  Declinations and Proper Motion of t h e  Centers of 
Talcott P a i r s  

During the  smoothing of l a t i t u d e s  by t h e  chain method with the  purpose of 

determining t h e  cor rec t ions  of t h e  l a t i t u d e s  knowledge of a very accurate value 

of a screw revblut ion R is not required beforehand. But i n  t h i s  method, a s  i s  

w e l l  known, it is  assumed t h a t  t h e  value of a screw revolut ion does not vary 

during t h e  annual cycle  of observations.  Therefore, w e  gave a good deal of 

a t t en t ion  t o  its determination. 

The value of a screw revolut ion w a s  determined by severa l  methods: 

from in t e rna l  smoothing of t h e  l a t i t udes ,  

from external  smoothing of t h e  l a t i t udes ,  

from observations of scale pa i r s ,  and 

from observations of near-polar stars i n  elongation. 

During processing of t h e  l a t i t u d e  s e r i e s  of 1955.0-1961.3, t he  values of 

a s c r e w  revolution obtained from in t e rna l  smoothing of t h e  l a t i t u d e  f o r  each 

year w e r e  assumed, Such a method of  determining t h e  value of a screw revolut ion 

w a s  proposed by V.I. Sakharov and f i r s t  applied t o  Pulkovo observations i n  t h e  

paper C161. 

Because of t h e  large e r r o r s  i n  t h e  dec l ina t ions  of t h e  stars comprising a 

Talco t t  pa i r ,  t he  values of  AR determined f o r  each group are very d i f fe ren t .  

A t  t h e  same t i m e ,  each group exh ib i t s  from year t o  year one and t h e  same nature 

of va r i a t ion  of t h e  revolut ion value. Therefore, i n  concluding one annual closed 

cycle  of observations,  it is possible  to compare A R  determined from t h e  group 

with which the  annual cyc le  began and concluded. 

For s u r e  control  of t h e  behavior of t h e  screw revolut ion value, it should 

be determined each t i m e  from t h e  in t e rna l  smoothing of t h e  l a t i t u d e s  a f t e r  ob
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s e r v a t i o n s  o f  each succeeding connection of groups and comparing t h e  va lues  

ob ta ined. 
A program of  36 scale p a i r s  made u p  by E.I. Kre in in iy  w a s  i n t e n s i v e l y  

observed i n  1958-1960 w i t h  t h e  ZTF-135. The p o s i t i o n s  and proper motions o f  

t h e  scale pairs  involved w e r e  taken during t h e  processing o f  t h e  observat ions 

from t h e  GC catalogue.  The r e s u l t s  of  t h e  determinat ion of t h e  r evo lu t ion  va lue  

from s e p a r a t e  p a i r s  shows a la rge  inaccuracy i n  t h e  GC catalogue;  from some 

p a i r s  t h e  r e v o l u t i o n  va lue  is s y s t e m a t i c a l l y  overest imated,  and from o t h e r s ,  on 

t h e  con t r a ry ,  it is underestimated. Therefore ,  t h e  r e s u l t s  obtained f o r  t h e  

determinat ion of th'e r e v o l u t i o n  va lue  o f  t h e  o c u l a r  micrometer f o r  t h e  p re sen t  

are o f  value on ly  f o r  judging t h e  constancy o r  v a r i a b i l i t y  of  t h e  s c r e w  revolu

t i o n  value. In  p a r t i c u l a r ,  t h e  annual mean va lues  of  R i n  1958, 1959, and 

1960, determined from scale p a i r s ,  agree w e l l  among themselves. The va lues  o f  

t h e  c o r r e c t i o n s  t o  t h e  r e v o l u t i o n  value obtained from t h e  i n t e r n a l  smoothing 

of  t h e  l a t i t u d e s  f o r  t h i s  same period can a l s o  be  considered p r a c t i c a l l y  iden

t i c a l .  

W e  propose i n  t h e  f u t u r e  t o  r e c a l c u l a t e  t h e  obse rva t ions  of t h e  scale 

p a i r s  u s ing  contemporary ca t a logues ,  f o r  example, AGK 3 - t ak ing  i n t o  account 

t h e  new value of  t h e  cons t an t  of a b e r r a t i o n  and t h e  r e v i s i o n  of  t h e  astronomical 

year  books. I t  i s  more s u i t a b l e  t o  use  f o r  t h i s  purpose t h e  AGK 3 catalogue 

because i ts  epoch o f  obse rva t ions  (approximately from 1958) i s  c l o s e  t o  t h e  

epoch of  t h e - o b s e r v a t i o n s  of  t h e  s c a l e  p a i r s  and t h e  e r r o r s  i n  t h e  proper 

motions do not  n o t i c e a b l y  a f f e c t  t h e  r e s u l t s  o f  t h e  determinat ion of R. 

A t  t h e  conclusion o f  t h e  obse rva t ions  of t he  extended program, t h e  screw 

revo lu t ion  value w a s  determined from obse rva t ions  o f  near-polar  stars a t  elon

ga t ion ,  t h e  program of  which w a s  made up by L.D. Kostina.  From 71 obse rva t ions  

of  e longa t ions ,  a s c r e w  r e v o l u t i o n  va lue  w a s  obtained which agrees t o  0!'001 

wi th  t h e  de t e rmina t ions  of R from t h e  i n t e r n a l  smoothing of t h e  l a t i t u d e s .  

The accuracy o f  a s i n g l e  determinat ion o f  a s c r e w  r evo lu t ion  value from 

e longa t ions  i n  1961 i s  equal t o  kOL'O15. Ih 1967 during o u r  last  determina

t i o n s  o f  t h e  r e v o l u t i o n  v a l u e  from elongat ions,  t h i s  accuracy became equal 

t o  kODO10. 

The method of e longa t ions  al lows t h e  determinat ion i n  a comparatively 
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s h o r t  t i m e  of t h e  revolu t ion  va lue  wi th  g r e a t  accuracy. If t h e  accuracy of a 

s i n g l e  determinat ion of  t h e  s c r e w  revolu t ion  va lue  is equal t o  31!fOl ,  then it  

is p o s s i b l e  t o  o b t a i n  t h e  r e v o l u t i o n  va lue  with an accuracy of iDLf0O1 from 100 

elongat ions.  For our  program it  is p o s s i b l e  t o  observe on t h e  average t h r e e  

e longat ions  i n  1 hour; consequently,  t o  observe 100 e longat ions  it is necessary 

t o  spend 33 hours of  s t r a i g h t  observa t iona l  t i m e .  The i n t e r n a l  accuracy of t h e  

observa t ions  is s i g n i f i c a n t l y  increased  i f  near-polar stars are observed through 

h a l f  a s c r e w  revolut ion.  

I n  o r d e r  t o  d e c i d e  which method - scale p a i r s  o r  e longat ions  - gives  t h e  

b e s t  r e s u l t ,  w e  propose t o  make up a program of observa t ions  such t h a t  i t  w i l l  

be  p o s s i b l e  t o  observe during t h e  long win ter  n i g h t s  (from t h e  end of September 

t o  t h e  middle of March) both near-polar  stars i n  e longat ions  and scale p a i r s  com

p r i s e d  of those  same near-polar  stars. The plan of t h e  observa t ions  i s  t h e  

following: during t h e  first h a l f  o f  t he  n ight  - observa t ions  of t h e  near-polar 

stars a t  e a s t e r n  elongat ion;  during t h e  second h a l f  of t h e  n ight  - observat ions 

of t h e  s c a l e  p a i r s  of t h e s e  same stars; during t h e  remaining t i m e  of t h e  year  -
i n  t h e  first h a l f  o f  t h e  n i g h t  observa t ions  of s c a l e  p a i r s  of near-polar  s t a r s ;  

i n  t h e  second h a l f  o f  t h e  n i g h t  observa t ions  of  t h e  same near-polar  stars at  

western elongation. 

If t h e  e longat ions  fol low one another  rap id ly ,  it i s  then  poss ib le  t o  ob

serve  p a r t  of t h e  e longat ions  on one evening and t h e  rest - on another.  Un

f o r t u n a t e l y ,  t h e r e  i s  a s m a l l  number of  s u f f i c i e n t l y  b r i g h t  near-polar s t a r s  

i n  t h e  northern sky. It might be poss ib le  t o  so lve  t h e  problem posed b e t t e r  

with t h e  h e l p  of t h e  ZTL-180, which are f a s t e r  than xeni th- te lescopes  of stan

dard s i z e s .  However, even t h i s  does not a n s w e r  t h e  ques t ion  of a b e t t e r  method 

of observat ions,  s i n c e  t h e  accuracy of t h e  determination depends not only on t h e  

accuracy of t h e  d e c l i n a t i o n s  but  a l s o  on t h e  d i f f e r e n c e  i n  t h e  d e c l i n a t i o n s  of 

t h e  p a i r s  involved, and f o r  near-polar  s t a r s  - on t h e  v a l u e  of  t h e  dec l ina t ion .  

It would be poss ib le  t o  determine t h i s  dependence, der iv ing  R from t h e  scale 

p a i r s  comprised of near-polar  stars with d i f f e r e n t  d i f f e r e n c e s  i n  t h e i r  de

c l i n a t i o n s  and from e longat ions  of near-polar stars with d i f f e r e n t  dec l ina t ions .  

It is  poss ib le  t o  achieve good r e s u l t s  with any method of der iving R 

which has  a l a r g e  number of i n v e s t i g a t i o n s .  The quest ion is with which method 
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t he  bes t  r e s u l t  is achieved with a minimum expenditure of e f f o r t s  on t h e  ob- L102 


serva t ions  ( the  question of computer processing is not p a r t i c u l a r l y  s ign i f i can t  


now). To obtain Relong with an accuracy of + O l ' 0 0 l  (with an e r r o r  of u h i t  weight 


of +Ol 'Ol)  r equi res  33 t o  34 hours. How much t i m e  is required t o  obta in  R with 


t h e  same accuracy by another method? It is advafitageous t o  observe wide-


p a i r s  on t h e  Z T L - ~ ~ O 
zenith-telescopes,  s ince it is  possible  t o  set up such 

p a i r s  even from stars with large dec l ina t ion  e r r o r s  so t h a t  t h e  e r r o r  of u n i t  

weight i n  t h e  determination value is less than S!bl. 

However, w e  note t h a t  it is necessary t o  determine t h e  revolution value a f  

t h e  Z T L - ~ ~ Owith a high degree of accuracy s ince  t h e  revolut ion value of i ts  

ocular  micrometer is  less than on zenith-telescopes of standard sizes.  To 

compare t h e  accuracies  of t h e  determination of k of instruments with a d i f f e ren t  

value of t h e  screw revolut ion value it is necessary t o  compare t h e  e r r o r s  i n  t h e  

determination of t h e  uriit weight (i.e., of a s ing le  determination) made i n  t h e  

screw revolut ion value of a given instrument. In t h e  oljservation with ZTL-180 

instruments of l a t i t u d e  programs comprised of Ta lco t t  p a i r s  with large d i f f e r 

ences i n  Zenith dis tances ,  t h e  requirement f o r  accuraay I n  t h e  determination 6f 

t h e  screw revolut ion value of t he  ZTL-180 is  increased still fur ther .  

I f  it would be possible  t o  s e l e c t  s u f f i c i e n t  scale p a i r s  With well-deter

mined decl inat ions,  it would be possible  t o  confirm t h a t  t h e  method of scale 

p a i r s  i s  more economical than t h e  method of elongations. V.I. Sakharov ca r r i ed  

out a ca lcu la t ion  f o r  normal zenith-telescopes ( a  f i e l d  of view of 25'1, based 

on t h e  follawing condition&. I f  the  dec l ina t ion  e r r o r s  i n  the  catalogues a r e  

taken t o  be *?3O and t h e  difference8 i n  t h e  dec l ina t ions  of t h e  scale p a i r s  as 

2 0 1 ,  then it is s u f f i c i e n t  f o r  two seasons ( f o r  example, f a l l  and winter)  to 

have programs which contain about 100 l c a l e  p a i r s  and observe each p a i r  about 

two t i m e s  t o  obtain t h e  screw revolut ion value with an accuracy of ~??'0010. 

The cor rec t ions  t o  t h e  dec l ina t ions  of t h e  cen te r s  of t h e  Talcott  p a i r s  

a r e  obtained i n  two versions: 

from t h e  smoothing separa te ly  of t h e  l a t i t u d e s  f o r  each year and by 

averaging t h e  r e s u l t s  obtained: 

from a combined smoothing of t h e  l a t i t u d e s  for f i v e  years  of observations. 
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I n  t h e  second method, t h e  inaccuracies  i n  t h e  screw revolut ion value w e r e  

f i r s t  excluded from t h e  l a t i t u d e s  determined from t h e  i n t e r n a l  smoothing of the  

l a t i t u d e s  i n  each year. In view of t h e  fact t h a t ,  i n  1957, it w a s  not possible  

t o  obta in  a closed cyc le  of observations,  which is necessary f o r  t h e  deter

mination of t h e  external  co r rec t ions  t o  t h e  decl inat ions,  t h e  observat ions of 

t h i s  year w e r e  not used i n  determining t h e  cor rec t ions  t o  t h e  decl inat ions.  The 

accuracy of t h e  determination of cor rec t ions  t o  t h e  dec l ina t ions  w a s  obtained 

from a comparison among themselves of t he  cor rec t ions  of t h e  dec l ina t ions  ob

ta ined  i n  each of t h e  f i v e  years  of observations. The average value of t h e  

mean square e r r o r  i n  t h e  determination of t h e  cor rec t ion  t o  the  dec l ina t ions  

w a s  equal t o  3?026 ,  which is somewhat lower than the  accuracy of t h e  series 

1948-1955 (ItOL'O23). This is probably explained by the  f a c t  t h a t  i n  1955.0-1961 

t h e  da ta  used were f o r  only f i v e  years. 

W e  compared t h e  dec l ina t ions  and proper motions obtained f o r  t h e  Talcot t  

p a i r s  with the  newest catalogues and gave an evaluation f o r  some of them from 

t h e  r e s u l t s  of t h i s  comparison. The r e s u l t s  obtained w i l l  be published l a t e r .  

The cor rec t ions  t o  t h e  l a t i t u d e s  w e r e  obtained from t h e  equation: 

where t h e  AR w e r e  determined from t h e  in t e rna l  smoothing of t h e  l a t i t u d e s  and 

t h e  values obtained from t h e  combined reduction of l a t i t u d e s  f o r  f i v e  years  

were taken as A 6 i  = Agint + A6ext .  

Using t h e  data  of t h e  in t e rna l  smoothing, w e  ca r r i ed  out an evaluation of /103 
t h e  accuracy of t he  l a t i t u d e  observat ions by t h e  method proposed by V.I. 

Sakharov. This method of evaluat ing t h e  accuracy of t h e  l a t i t u d e  determihation 

w a s  applied e a r l i e r  i n  t h e  paper [16]. The average values  f o r  s i x  yea r s  of t h e  

mean square e r r o r s  i n  t h e  determination of l a t i t u d e s  Of a l l  t h e  observers are 

presented i n  the  l a s t  column of  Table 1. The mean square e r r o r  f o r  a l l  t h e  

observers is 3!'154 - a quant i ty  which charac te r izes  t h e  average e r r o r  i n  t h e  

determination of a s i n g l e  l a t i t u d e  i n  1955.0-1961.3. 

Section 5. 	 Curve of t h e  Lat i tude Variation of Pulkovo and t h e  z-term 
from t h e  Observations of 1955.0-1961.3. 

After obtaining t h e  smoothed individual l a t i t u d e s  normal poin ts  of 250 

l a t i t u d e s  w e r e  formed ( the  m e a n  square e r r o r  of its determination w a s  about 
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LOYOl), with which t h e r e  w a s  cons t ruc t ed  by means of a n a l y t i c a l  smoothing t h e  

curve o f  t h e  l a t i t u d e  v a r i a t i o n s  o f  Pulkovo. The smoothing w a s  c a r r i e d  o u t  by 

Whi t t ake r ' s  method [I71 f o r  t h e  case o f  measurements of unequal accuracy apprexi

mately t h e  same as i n  [18]. I n  o u r  paper, w e  used t h e  r e s u l t s  obtained by V.I. 

Sakharov as a r e s u l t  of  h i s  i n v e s t i g a t i o n  o f  t h i s  method. V.I. Sakharov showed 

t h a t  it is p o s s i b l e  t o  u s e  t h e  equa t ions  of  t h e  method i n d i c a t e d  f o r  t h e  case 

of unequally-spaced o r d i n a t e s ,  i f  t h e  d e v i a t i o n s  of t h e  ind iv idua l  i n t e r v a l s  

f o r  corresponding o r d i n a t e s  from t h e  average i n t e r v a l  conform t o  normal l a w  

(we o b t a i n  f o r  t h e  c h a r a c t e r i s t i c  o f  t h e  o r d i n a t e s  of a given l a t i t u d e  series 
2

p(X ) = 0.74). I n  t h i s  case, compensation of t h e  computed e r r o r s  occur s  be

cause of  t h e  i n e x a c t l y  uniform spacing of  t h e  o rd ina te s .  The r e s u l t s  of  a 


c a l c u l a t i o n  o f  smoothed o r d i n a t e s  are obtained j u s t  as i f  t h e  l a t te r  cond i t ion  


w e r e  r i g i d l y  f u l f i l l e d .  Th i s  frees u s  from applying a more complicated program 


of c a l c u l a t i o n  of t h e  smoothed o r d i n a t e  va lues  based on equat ions of  general  


form with t h e  so-cal led divided d i f f e rences .  The optimal smoothing parameter 


e w a s  determined f o r  a given conc re t e  case by t h e  method proposed by V. I .  


Sakharov. The smoothing w a s  c a r r i e d  out  on t h e  M-22 computer With M.S. Chubeyafs 


program made up a t  t h e  r eques t  of  V.I .  Sakharov. 


A d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  method of a n a l y t i c  smoothing w a s  expounded 

i n  t h e  a r t i c l e  of V.1, Sakharov and M.S. Chubeya. 

The d a t a  on t h e  o s c i l l a t i o n  of  Pulkovols l a t i t u d e  from obse rva t ions  with 

t h e  ZTF-135 during 1955.0-1961.3 (unsmoothed and t h e  smoothed normal l a t i t u d e  

p o i n t s )  are presented i n  Table  5. Gaps i n  t h e  column l abe led  ACp i n d i c a t e  unsm 
t h a t  a t  t h e  given p l a c e  t h e r e  are no unsmoothed l a t i t u d e  values ,  and t h e  

smoothed va lues  w e r e  determined with a weight p = 0, as w a s  proposed by 1.1. 

Glagoleva [181. 

With t h e  h e l p  of  t h e  curve t h u s  obtained f o r  t h e  v a r i a t i o n  i n  l a t i t u d e  

t h e  mean l a t i t u d e s  of  Pulkovo w e r e  c a l c u l a t e d ,  which w e r e  determined from t h e  

equat ion of V.I .  Sakharov [161: 
. f - 5  

A harmonic with a period of 0.6 year  w a s  i n s e r t e d  i n t o  t h e  equat ion f o r  t h e  

b e s t  approximation o f  t h e  Chandler wave. The mean va lue  of t h e  l a t i t u d e  from 

t h e  second s ix-year  series w a s  equal t o  'Yo + 0!007. The d a t a  on t h e  v a r i a t i ~ m  
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TABLE 5 


-

1 1955.07 249 O".58 0".60 57 38 24 1 32 33 
2 16 249 68 65 58 46 247 43 41 
3 20 242 66 67 59 53 233 48 49 
4 25 295 66 67 Go 60 230 60 60 
5 33 243 68 63 61 65 259 70 68 
6 41 239 58 58 62 68 26 1 75 74 

i 56 254 47 4J 64 82 272 77 77 
9 61 27 1 147 45 65 88 227 74 74 

,. 49 263 50 53  63 74 269 74 77 

10 64 245 41 42 66 93 280 72 68 
1 1  67 254 41 40 67 1959.01 234 59 60 
12 72 257 40 38 68 09 239 49 51 
13 81 231 33 36 69 .15 245 42 44 
14 36 70 18 270 39 38 
15 91 265 37 36 71 19 267 34 xi 
16 96 269 37 S9 72 22 277 33 32 
17 1956.06 255 42 42 73 25 252 33 30 
18 13 281 47 45 74 1959.29 270 28 2s 
19 16 24 1 48 49 75 33 242 23 25 
20 20 279 53 52 76 37 230 23 24 
21 21 265 55 55 77 42 240 23 24 
22 23 252 56 58 78 48 22 1 26 26 
23 1956.28 256 61 '61 79 53 257 28 30 
24 35 249 65 64 80 67 267 40 37 
25 40 246 67 66 81 62 280 45 44 
26 44 256 64 67 82 68 263 49 51 
27 52 246 67 67 83 58 
28 61 24 1 67 67 84 79 242 63 63 
29 68 260 64 64 85 8? 206 68 67 
30 71 277 61 60 86 91 267 70 G9 
31 76 263 55 54 87 69 
32 82 224 49 47 88 1960.04 2.55 67 6 i  
33 40 89 09 24 I 63 64 
34 96 59 26 33 90 '15 27I 60 61 
35 1957.05 164 26 28 9! 20 266 57 58 
36 14 215 28 26 92 24 249 59 54 
37 19 254 27 26 93 27 266 48 SO 
38 22 249 28 28 94 32 258 45 46 
39 25 265 34 33 95 38 253 45 42 
40 32 230 39 40 96 43 256 40 39 
E. 1 38 252 47 50 97 50 252 34 37 
4 %  16 250 58 GO 9s 56 263 36 38 
4 
. : 'I  
4.; 
4 (j
47 

( i l  
67 
77 
8.5 

23 1 
217 
261 
223 

76 
7G 
72 
63 

74 
75 
71 
64 

100 
101 
1o:! 
I03 

1960.65 
72 
75 
86 

25s 
264 
233 
212 

4 3  
47 
62 
51 

4 4  
47 
51 
54 

48 93 255 55 54 104 57 
40 1958.00 268 44 43 I I  5 1961.0.5 I54 56 58 
50 
.5 1 
52 

09 

19 

303 

352 

28 

23 

33 
26 
22 

!06 
107 
108 

14 
21 
27 

246 
236 
256 

(32
57 
57 

59 
39 
57 

53 23 255 21 2C I03 32 2-15 5G %)a 

.'$ 5.5 23G 71 (i8 I)!) (i0 256 4 4  40 
I .  


- .;y+ 2.5 260 23 21 110 52 
2:) 27 260 22 23 l i l  43 259 50 50 
.'jr, 3! 2/3 26 27 

1so 

...... . . ~-~ .. . .....--- -..... . . . ---.-......,.,...._---.._ 1 1 . 8  I 



-- 

- -  

- -  

TABLE 6 

--

Year 1 .o 

$-9 3 - 7  3 - 7  + 5  + 4  + I  
-11 -13 -14 -13 -14 -14 -11 -10 - ti - 3  - 1  - 1  - 1  + 1  - 1  - 1  
- - I  - 4  - 5  - 5  - 3  - 1  + 2  + 6-+I7 3.19 +SI 4-22 -

Note: 'yo is the average value of the mean latitudes f r o m  the 

observations for 1955.0-1961.3; y .
1 

is the average latitude for 

each tenth of a year. 


1955 +I: 

l!Ei -19 -23 
l95S - 6 -19 
11159 +I2 - 1 
19601961 +IS+ 8  +I3+ 9  

1956 3; -

Year 


1955 0 -1 

1956 

1957 Sr, 3
1958 

1959 2: -1 

19GO 0 +E

1961 +I  

Mean +I  +2 

TABLE 7 


+I7 + I 5  
+1122!' -11 

-29 -25 
-15 -23+ 5 - 4
+ 9  + 6  

Jr 9 Jr 2 - 4 -12 -15 -15 
+15 +I7 +I7 +11 - 2 -12+ 4 1-16 +I9 4-20 +I9 + 8 
-15 - 4 ,+IO +25 +27 4-22 
-26 -23 - 9 + 3 f14 +lS 
-11 -15 -10 - 4 + 2 + 6+ 4  - - - - -

TABLE 8 


. ... ~-.. 

.5 .6 

0 -1 -2 -1 +2 
0 -1 -4 -4 -2 
0 3.1 +2 -6 

-1 
0 +;Q +; +I -1 0 -3 -3 

-3 -2 - 5  -5 -3+; 3.3 -1 - +2- + 2  +3 +2i-: - -2 
-.- . .. ... 

+ I  +1 0 - 1  -1 - 2  -1 0 

;* ' , 



of t h e  mean l a t i t u d e  are presented i n  Table 6. The amplitude of t h e  va r i a t ion  

of t h e  mean l a t i t u d e  i s  equal t o  01'037; f o r  some y e a r s  t h e  mean l a t i t u d e  is 

systematical ly  less, and sometimes it is systematical ly  greater than i ts  average 

value. With these  values of  t h e  mean l a t i t u d e  Hi t h e  v a r i a t i o n s  i n  t h e  l a t i t u d e s  

of Pulkovo w e r e  obtained f o r  each t en th  of a year, ACpi. These da ta  are pre

sented i n  Table 7. 

To determine t h e  a-term of t h e  extended l a t i t u d e  series, w e  compare our 

observations ACpi with t h e  curve of t h e  va r i a t ion  i n  Pulkovo's l a t i t u d e  ca lcu la ted  

from t h e  coordinates of t h e  pole which were determined by N.I .  Panchenko (up t o  

1957.4) [ l9] ,  by A.A. Korsun' (up t o  1960) [ZO], and by the  In te rna t iona l  T ime  

Bureau a t  P a r i s  (from 1960). The da ta  on the  z-term a r e  presented i n  Table 8. 

It is evident from t h e  t a b l e  t h a t  t he  a - t e r m  a t  Pulkovo i s  not s tab le .  The 

g rea t e s t  o s c i l l a t i o n  of t h e  z-term is noted i n  1957. The values  of t h e  z-term 

averaged over six years have an amplitude of OYO4. The z-term w i l l  be inves t i 

g a t e d  i n  g rea t e r  d e t a i l  by u s  i n  a succeeding paper. 

.In conclusion, I express my g ra t i t ude  t o  t h e  sec t ion ' s  laboratory assis

t a n t s  G. A. Vinogradova, 0. B. Bryushkova, and T. D. Kudermetova f o r  calcula

t i o n s  during t h e  preparation of t h i s  paper and a l so  V. I. Sakharov and M. S. 

Chubeya f o r  calculations of  t h e  smoothed normal l a t i t u d e  points.  
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